TAILINGS MANAGEMENT PLAN
AMENDED DECEMBER, 2005
REVISED APRIL, 2007

FOR

SHOOTARING CANYON URANIUM
PROCESSING FACILITY

Utah Department of Environmental Quality
Division of Radiation Control
Byproduct Material License No. UT0900480
Division of Water Quality
Discharge Permit Number UGW170003

Prepared by

Plateau Resources, Ltd.
877 North 8" West
Riverton, WY 82501

&

Hydro-Engineering, LLC
4685 East Magnolia
Casper, WY 82604

George L. Hoffman Thomas G. Michel, Ph.D., P.E.
Hydrologist Hydrologist



TAILINGS MANAGEMENT PLAN
Amended December 2005
Revised April 2007

TABLE OF CONTENTS
Text Page

INEFOAUCTION ...ttt b e bbb 1-1

Regulatory Analysis and Objectives of the Tailings Management
AN RECIAMALION PIANS ....c.viiiiiie e 2-1
2.1 State and Federal REQUIALIONS .........ccveueiieiieie e 2-1
2.1.1 Utah DRC and NRC Regulations — Guiding Principles...........c.cccccevvenenne. 2-1
2.1.2 DeSign REQUITEMENTS ....ccuiiiiiiieiieie ettt sttt 2-2
2.1.2.1 SHUING oottt 2-2
2.1.2.2 Ground Water Protection Standards...........ccceeererenenininnenencninns 2-3
2.1.2.3 ClOSUIE....eiiiiiieieeiieieie sttt sttt bbb nreas 2-5
2.1.2.4 RadoN Standards..........ccooveeiieniiienie e 2-6
2.1.3 EPA Regulations (40 CFR B1) ......ccceiiiiiieiesiisiesieeeie et 2-6
2.1.4 10 CFR 40 Appendix A Criterion 6 through Criterion 10 .........c.ccccceveenne. 2-6
2.2 State of Utah RegUIALIONS.........coouiiiiiiiiiiie e 2-7
2.2.1  Ground Water ProteCLION. .......cueveeieiieiieieeiesee e e see e see e 2-7
Tailings Impoundment Structure Design FEAtUIES..........cceiveiieiiie i 3-1
3.1  Dam Stability @NalYSIS ....cceoiiiieiieiiiie e e 3-1
3.2 Cross Valley Berm ANalYSIS ......ccoooiiiiiiiiiisineeee e 3-2
3.3 Sequence of Existing Facility Stability Analyses .......ccccccvvvieiiiiieviieneeicsee, 3-2
3.4 OFNEI SEIUCTUIES  ..oviiiiiiieiieiieie ettt bbbt bbb e nneas 3-3
Control of Liquid and Solid EffIUENTS...........cocoiiiiiiiiec e 4-1
4.1 Water RESOUICE PrOtECTION .......ciiiuiiiiiieie ettt 4-1
411 SEVEN-PAIt LINEE ..ot 4-1
Tailings DiSPOSal SYSTEM ......c.viiiiiiiiirie s 5-1
5.1 GENEIAI DESIGN ..ottt e e et r e sraeaeene e e e reaneeas 5-1
5.1.1  EXIStING SIIUCIUIES ....ocvvevieiiece ettt 5-1
5.1.2 Modifications of EXIStING SrUCTUIES.........ccvviiiieiiiiie e 5-2
5.1.2.1 Cross Valley BErm .......ccoooiiiiiiiiiiisicieeeee s 5-2
5.1.2.2 ShoOtaring Dam........cccccviiieiieieeie st ns 5-3
5.1.3  SEVEN-PArt LINEI.....ciiiiieieieiie ettt 5-3
T R 00 R O -V I T PRSPPSO 5-3
5.1.3.2 HDPE Liner, Geonet, and Piping Material..............cccoocevvverviiniiienennnns 5-4
5.1.3.3 Filter Sock and Other Synthetic Materials............cccccoevvvievieercsiiesnenn. 5-5
5.1.3.4 Drainage Filter Materials ............ccccoveviiieiiiiiece e 5-5
5.1.3.5 Pumps, Wiring and Other Materials...........ccccoviiiiiiniiiienieie e 5-6

C:\ed\projects\2007-500\TMP\TEXT\TMANAGE-07.doc
April 2007



TABLE OF CONTENTS (continued)

Text Page
5.1.4 Leachate Collection System and Leak Detection System..........c.ccocevevenenne. 5-7
5.1.4.1 Collection Piping CapacCity........c.ccceieeriiiieiiieiesiieseeseeie e seesee e e 5-7
5.1.4.2 Piping Structural DeSIGN .........cccoveiiiiiiiie i 5-8
5.1.4.3 Leachate Collection Operation...........ccoceverienieenisie e 5-9
5.1.4.4 Leachate Collection SUMPS ......cccoiiiiiiiiiieieee e 5-10
5.1.4.5 SUMP ACCESS PIPES ..veeieeiieiiieiiieiestie e sieeiesiee e este e e sae e sneesaeeneeas 5-10
5.1.4.6 Leachate Collection Pump Capacity ..........cccccvevviiieiieiieiecie e 5-12
5.1.4.7 Leakage Detection System Capacity and Action Leakage Rates......... 5-13
5.1.4.8 Liner System Perimeter ANCNOrage ..........ccoovvvenininininniceiese e 5-16
5.1.4.9 Liner Interface Stability .........ccccooviiiiieiee e 5-16
5.1.5 Tailings Cell Fluid Distribution and Piping .........cccccceeeviieiieeviiieiieieens 5-17
5.1.6 Tailings Area Stormwater Drainage Plan.............cccocoviinniiiiin i 5-17
5.1.6.1 North Drainage DIVEISION ..........ccciiiiiiiiiiieiesesesesee e 5-17
5.1.6.2 Perimeter Diversion DitCh/Berm.........ccccooeivviniinininiecnenene e 5-18
5.1.6.3 EPPC Emergency Discharge Pipe........cccccoveiieiiiieiieie e 5-18
5.1.6.4 Passive RUNOTT EXCIUSION........ccoiiiiiiiiiie e 5-18
5.1.6.5 External Depressional STOrage .........ccocevveieienenenenisiseeesesesese 5-19
5.1.6.6 Ore Pad Sediment and RUNOTT PONd...........cccovviiiiiiiiiiiceee, 5-19
5.2 Proposed Construction Sequencing and Control............ccccccovveiieevieiie i e, 5-20
5.2.1 EPPC CONSIIUCTION.....cuiiiiiiieitieiiieie sttt 5-20
5.2.2 Contaminated Material Transfer ..........occvverieiieiin i 5-20
5.2.3  Cell 1 CONSIIUCTION. .....eiuiiiiiieieiie st 5-21
5.2.4  PoNd CONSIIUCTION ....eviiiiiiieieiie et 5-21
5.2.5 Cell 2 CONSLIUCTION.....cuiiiieiiieiiieie ettt 5-21
5.3 Construction Quality Control and Quality Assurance Plan ...........c.cccccevvviennenne. 5-22
5.4 SOP for Tailings Dam and Facilities Inspection Program ............ccccceevvevieervernenne 5-22
Tailings Disposal Management.........ccueiiiriieiieie et sreas 6-1
6.1 Tailings Cell ConfigUIratioN..........cccoveiiiiiieiireseee e 6-1
6.2 Fluid Extraction Processes and Tailings Placement.............ccccooovviviieiniicciieseennns 6-1
6.3 Conventional Slurry Tailings Placement.............cccoveviiiiiii i 6-2
ComplianCe IMONITOTING ....ooviiiiiieii et sb e sb e e e saeenee s 7-1
7.1 Ground-Water Monitoring Quality Assurance Plan ............ccccoovviiiiencicnnnnnns 7-1
7.1.1 Location, Number and Type of Ground-Water Monitoring Wells....... 7-1
7.1.2  Monitored Parameters and FreqQUENCY .........cccoveveeieerieeiieseeseesie e 7-2
7.1.3  Sampling and Analytical TEChNIQUES .........ccovvriiiiiriiiiieeee e 7-2
7.1.4  Background LEVEIS ..ot 7-2
7.1.5  Exceed Site Standards.........ccccooereieiininisieiese e 7-2
7.2 Leak Detection System Recording and Fluid Transfer ...........c.cccooevveiveieenenne 7-3
7.3 BAT Performance Monitoring Plan Leak Detection ...........cccccvevvieeiiericninnnieenn 7-3
7.4 Other Environmental MONITOIING .......cccooiiiiiiiiieiee e 7-3

C:\ed\projects\2007-500\TMP\TEXT\TMANAGE-07.doc
April 2007



TABLE OF CONTENTS (continued)

Text Page

8. CONLINGENCY PIANS ..ottt n e 8-1

8.1 Tailings Liner — Leak Detection SYSteM .......c.cccvevveieieeiieie e 8-1

8.2 Tailings Liner — Evidence of Bottom Liner Loss of Integrity ..........ccccccvevenne. 8-1

8.3 Excess Tailings Solution or RUNOFf VOIUME .......cccooiiiiiiii e, 8-1
9. ML OFE PaU.....ceiieeei bbbttt 9-1

9.1 GeoteChNICal REVIEW .......ccuviieiieieieie st 9-1
10. Stability of Previously Deposited Tailings Material .............ccooiiiiiiniiiiieiccee 10-1
11, REIEIBNCES. ...ttt ettt bttt bbbt ee b 11-1

Tables
5-1 Leachate Collection Piping CAPaCItY.........ccccveiieiiiiieiie it 5-8
5-2  Action Leakage Rate Calculation ..o 5-13
5-3  Sump Action Leakage Rate for Cell 1, Cell 2 and EPPC SUMPS ........cccovvververirnnnnne 5-14
5-4  Leak Detection Geonet Capacity FOr SUMp Entry .........cccooevviieiiievecie e 5-15
5-5 Sump Entry Geonet Conveyance Capacity and SALR Factor of Safety.................... 5-15
5-6  Ore Pad Sediment and Runoff Pond Capacity..........cccccervrreiieiiniieneniesee e 5-19
Figures
1-1  Shootaring Canyon Site Location and FEAtUIES...........cecviveiieiieiecie s 1-2
3-1  EPPC Berm CroSS SECHION .....ccuuiitieiiiiesiee it et siee sttt ettt sbeenbe e e nneenns 3-5
4-1  SchematiC OF SEVEN-Part LINET ......cccoeiiiieiieie et 4-5
5-1 Tailings Cell 1, EPPC, and Tailings Cell 2...........ccoooveiiiiiieieee e 5-23
5-2  Tailings Cell Drainage Collection SyStem..........ccccccvveiiiiiiieiecie e 5-24
5-3  Tailings Area CroSS SECIONS ........eeuiiierieie e stie st eie ettt st ssee e e 5-25
5-4  Tailings Cell Sump Detail and Cross Section LOCAtIONS...........cccevvereerieseeniererannnn 5-26
5-5  Sump Detail Cross SECION L-17.....cociieiiiie e 5-27
5-6  Sump Detail CroSs SECION 2-2.......ooiieieiie et 5-28
5-7  Sump Detail CroSs SECHION 3-37.......ooiiiiiiie e 5-29
5-8 Leachate Collection Pipe INStallation ............coccoviiiiiinineee e 5-30
5-9  Alternate Leachate Collection Pipe Installation ..............cccooevviieiiiviecie s 5-31
5-10 Leak Detection Access Pipe Configurations ............ccccceevveiieneciesieese e 5-32
5-11 Conceptual Sump Access Pipe Termination StruCtUre ...........ccooceviereniinnienceie s 5-33
5-12 Liner Anchorage Types and LOCALIONS..........ociiiriiiiieiieie e 5-34
5-13 Piping Corridors and Surface Drainage Control Features ..........cccccevvvivenverecreesinenn 5-35
5-14 Ore Pad Sediment and RUNOTF PONG ..........ccoociiiiiiiiiie e 5-36
7-1  Location of Monitoring WELIS ..........coeoioii s 7-4
iii

C:\ed\projects\2007-500\TMP\TEXT\TMANAGE-07.doc
April 2007



Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H
Appendix |

Appendix J

Appendix K

TABLE OF CONTENTS (continued)
Appendices

Tailings Stability and Deformation Analyses
Drainage Filter Analysis

Tailings Construction Control and Quality Assurance
Monitoring

Ore Pad Liner

Clay Borrow Material

Reduced-Moisture Tailings Evaluation
Column Testing Laboratory Report

Entrada Sand Proctor Test Results

Buried Pipe Loading Calculations

Liner System Anchorage

C:\ed\projects\2007-500\TMP\TEXT\TMANAGE-07.doc

April 2007



1. INTRODUCTION

This submittal of the amended Tailings Management Plan (TMP) for the Shootaring Canyon
Uranium millsite is to support the conversion of the present license UT-0900480 from Standby to
Operational Status. The existing TMP was previously submitted to the U. S. Nuclear Regulatory
Commission (NRC) and State of Utah Department of Environmental Quality, Division of
Radiation Control (DRC) in 1999. This amended plan incorporates many of the general concepts
presented in the previous submittal with significant improvements in the approach to tailings
management. This submittal amends the plans previously submitted to the U. S. Nuclear
Regulatory Commission (NRC) and State of Utah Department of Environmental Quality, Division
of Radiation Control (DRC) for the Shootaring Canyon Uranium Mill site. A map of the site and
surrounding area with some of the site features is presented in Figure 1-1.

One of the primary proposed improvements in the TMP is the option for Reduced-Moisture
Tailings Placement (RMTP). With the RMTP approach, a paste admixture, thickener, screw
press, belt press or similar fluid extraction or slurry process equipment is used to extract a
significant volume of tailings solution from the tailings slurry yielding moist or paste tailings in
semi-solid/solid form and a liquid stream of tailings solution. This in turn allows handling tailings
solids with the potential for stabilized placement above grade in the tailings cell(s). The solution
extraction from the tailings slurry prior to delivery of the tailings to the cell also reduces the
drainage from the in-place tailings and allows segregation of tailings solution for reuse in the mill
or delivery to a process solution storage and/or evaporation pond. Additional advantages of this
approach include increased tailings solids capacity for each tailings cell which potentially reduces
the areal extent of the reclaimed tailings facility, and an enhancement of the stability of the
tailings and tailings containment structures.

A seven-part liner with a drainage collection system and leak detection system is used for
containment in the tailings cell(s). The proposed liner is discussed in more detail in Section 5.1 of
this Tailings Management Plan.

Potentially, three distinct cells, constructed with a seven-part liner, will be used to receive tailings.
The first cell to be constructed is designated as the Evaporation and Process Pond Cell (EPPC).
This cell will be the repository for the existing tailings and other contaminated materials and will
also contain HDPE lined evaporation and process pond(s). Cell 1 will be constructed upstream of
the cross valley berm in the basin where the existing tailings are currently located. When
additional tailings capacity is needed, Cell 2 will be constructed between the cross valley berm
and the Shootaring Canyon Dam and will be contiguous with Cell 1. This configuration will
result in a construction sequence that allows transfer of all existing tailings and contaminated
material to the EPPC with the Best Available Technology (BAT) liner system prior to the
construction of Cell 1.

Construction of Cell 2 can be delayed until additional tailings capacity is needed or foregone
entirely if processing is discontinued prior to exhausting the capacity of Cell 1. The resulting
complete tailings facility will consist of two or three contiguous cells with a continuous liner
between cells.

1-1
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REGULATORY ANALYSIS AND OBJECTIVES OF THE TAILINGS
MANAGEMENT AND RECLAMATION PLANS.

2.1 State and Federal Regulations

Prior to the State of Utah obtaining agreement state status in 2004, the tailings at the
Shootaring site were regulated primarily by the U.S. Nuclear Regulatory Commission (NRC)
pursuant to 10 CFR 40, Appendix A, and the U.S. Environmental Protection Agency (EPA)
under 10 CFR 61, Subparts A and W which are administered by the State of Utah Division of
Air Quality. Although this recent change has transferred primacy of regulatory authority to
the State of Utah, the existing framework of regulations previously administered by the NRC
still serves as a useful guideline. The State of Utah will regulate the site according to rules
and regulations presented in R313 - Environmental Quality, Radiation Control. These rules
include; through reference, clarification or exception; sections of 10 CFR 40 extending
through Appendix A. With this in mind, the applicable state and federal regulations are
referenced and described in Sections 2.1.1 through 2.1.3.

Additional, enhanced, or modified regulations developed by the State of Utah are discussed in
Section 2.2.

NRC and EPA have a Memorandum of Understanding (MOU) that covers joint expectations
under what was originally Subpart T of 40 CFR 61 (uranium mill tailings closure) and a
generic MOU on elimination of dual regulation. The NRC regulations also incorporate other
standards by reference that were promulgated by the EPA pursuant to the Uranium Mill
Tailings Radiation Control Act (UMTRCA - 1978), and Section 112 of the Clean Air Act, as
amended. Compliance with these regulations under the authority of the State of Utah is
provided through R313 and referenced sections of 10 CFR 40.

In the following discussion, applicable state and federal regulations are summarized in bold
lettering and the means by which this liner plan, the Tailings Management Plan and the
Reclamation Plan meet these regulations are discussed immediately below the bold caption.

2.1.1 Utah DRC and NRC Regulations - Guiding Principles
e Permanent isolation of tailings (10 CFR 40 Appendix A, Criterion 1)

The tailings will be placed in a lined impoundment, designed and operated to meet all
regulations referenced below and reclaimed with a stable cover designed according to
applicable regulations, guidelines and NRC staff technical positions. The tailings
facility currently exists behind a constructed dam within Shootaring Canyon in
Garfield County, Utah. The site is remote, and the nearest residence is located
approximately 1.5 miles to the east of the site. There is a small population in the
town of Ticaboo, which is located approximately 2.6 miles south of the mill and
associated tailings site (see Figure 1-1). Siting criteria were evaluated prior to

2-1
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construction of the existing mill and tailings facility (see Woodward-Clyde 1978a,
1978b, and 1978c).

e No ongoing maintenance (10 CFR 40 Appendix A, Criterion 1)

The reclamation design ensures that no ongoing maintenance will be required
following reclamation. The tailings will be dewatered to mitigate seepage and
tailings settlement. Cover surfaces have slopes designed to be stable under Probable
Maximum Precipitation (PMP) flows and the reclaimed tailings surface will be
covered with rock mulch or rock riprap to afford erosion protection. A low
permeability clay cap and an overlying HDPE geomembrane will control infiltration.
These are described in the Reclamation Plan dated December 2005 and subsequent
revisions.

e Tailings disposal (10 CFR 40 Appendix A, Criterion 3)

The tailings cell(s) are located within a natural drainage behind an existing
constructed dam. The cells are surrounded on the east and west sides by bluffs which
protect the area from wind erosion and promote deposition. There are currently no
nearby active mine pits that would serve as alternate disposal sites. Because the
tailings will be contained within a structure using a Best Available Technology
(BAT) liner system and will be reclaimed and covered with a multi-layer cover to
include a geomembrane and erosion protection rock mulch, the proposed disposal
method will minimize the potential for exposure of the tailings or dispersal of the
tailings by mechanical forces.

e Closed with 1000-year design life, and in any case at least 200 years (10 CFR
40 Appendix A, Criterion 6)

The reclamation design complies with applicable NRC staff technical positions,
guidelines and recommendations. See above.

2.1.2 Design Requirements
2.1.2.1  Siting (10 CFR 40 Appendix A, Criterion 4)
e Upstream drainage minimized

The tailings impoundment is in a natural drainage enclosed on the downstream end
by an engineered, NRC and Utah State Engineer approved dam within a very small
watershed runoff area. The total watershed area to the dam is approximately 217
acres. The upper 50 acres of this drainage area will be diverted to a different
drainage and, therefore, the effective drainage area is approximately 167 acres.
During operations, the runoff will collect in the impoundment and be recycled
within the mill process and/or evaporated. After reclamation, runoff will be

2-2
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collected in channels that are located on the periphery of the tailings and diverted
to the south where it is returned to the original drainage system.

e Wind protection

The tailings disposal basin is effectively surrounded by natural cliffs and hills. A
net deposition of windborne soils is expected to occur over the impoundment area,
rather than loss of covering over the tailings due to wind erosion. The reclamation
plan includes rock mulch over the tailings surface, which will prevent wind erosion
of the tailings cover system.

e Erosion potential limited through flat cover slopes and designed covers

The final tailings cover will be graded to provide sufficiently flat slopes to mitigate
erosional forces but allow precipitation runoff. Rock mulch erosion protection will
be included as part of the cover design for the entire tailings area. The top
reclamation surface will also be configured to limit upland contributing drainage
area to overland flow.

e Conservative factors of safety attained through flat embankment slopes

Cell embankments and sides will be designed with sufficiently flat slopes to
provide conservative factors of safety.

e Not susceptible to earthquake damage

The cell design accounts for stresses induced by the postulated maximum credible
earthquake for the Shootaring facility region based on the June 26, 1994 “Seismic
Hazard Analysis of Title 1l Reclamation Plans” by Lawrence Livermore National
Laboratory. Additional analyses have been performed including a Newmark
deformation analysis requested by the State of Utah Division of Water Rights State
Engineer. The slope stability analyses are included in Section 3 of this Tailings
Management Plan.

e Deposition promoted

Where possible, final cover slopes will be flat enough to promote deposition, and in
any case, to limit erosion to acceptable levels during the 1000-year stability period.

2.1.2.2  Ground Water Protection Standards (Utah Administrative Code Rule
R317-6, 10 CFR 40 Appendix A, 40 CFR 192, etc.)

e Liner that will prevent migration of wastes out of the impoundment (Utah
Administrative Code Rule R317-6).

2-3
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The cells are designed with a competent liner system (double HDPE liner with leak
detection and sub-clay liner) to prevent migration of wastes from the cells. The
liner will be constructed of materials that have the appropriate chemical and
physical properties to prevent failure per 10 CFR 40 Appendix A Criterion
5(a)(2)(a) (see Section 5.1.3.1 through 5.1.3.4 and Appendix C). The liner will be
placed on a competent foundation or base pursuant to 10 CFR 40 Appendix A
Criterion 5(a)(2)(b) (see Appendix I, Appendix C, and Section 5.2.5). The dikes
impounding the tailings have been designed, constructed and maintained with
sufficient structural integrity to prevent massive failure pursuant to 10 CFR 40
Appendix A Criterion 5(a)(5). The cross valley berm will be reconfigured
according to criteria described in Section 3.2 and Appendix A. Site licensed
activities are administered under Ground Water Quality Discharge Permit UGW
170003, and the requirements regarding potential discharges from the facility are
contained therein.

e If liner left in place following operations, wastes cannot migrate into liner
during active life of facility (10 CFR 40 Appendix A, Criterion 5A(1))

The proposed design will prevent the migration of wastes into the liner during and
following operations. The operation of the leachate collection system will continue
until the drainage rate is minimal. The post-closure cover system will limit
infiltration to immeasurably small levels. The volume of free liquids within the
cell after closure will be very small.

e Impoundment must not be overtopped (10 CFR 40 Appendix A, Criterion
5A(4))

Minimum impoundment freeboard to store PMP inflow and operational water as
well as to allow adequate height for wave action is included in the design.

e Leakage detection system required for synthetic liners (Utah
Administrative Code Rule R317-6, BAT requirement).

A leakage detection system will be provided, independent of any ground-water
monitoring program.

e Tailings must be dewatered by a drainage system at the bottom of the
impoundment (Utah Administrative Code Rule R317-6, BAT requirement).

A leachate collection system will be installed in the tailings cells and operated until
the drainage rate approaches minimal levels.

e Must install two or more liners and a leak collection system between such
liners (Utah Administrative Code Rule R317-6, BAT requirement).

2-4
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Requirement satisfied by:

e A double synthetic liner with leak detection system will be installed over a one-
foot compacted clay base as described in this TMP.

e A leachate collection system will be installed in a filter/drainage bed over the
double liner and clay base.

2.1.2.3  Closure (10 CFR 40 Appendix A, Criterion 6 and as Directed by NRC
Staff Technical Position [STP] for Erosion Protection covers)

e Eliminate free liquids

With the RMTP method, all free liquids will be diverted to a HDPE lined storage
pond within the tailings area. In the event that slurry is discharged to the general
tailings area (i.e. the RMTP method is not used), the volume of free liquids in the
decant pool will be minimized in the tailings cells during operations by dewatering
with the leachate collection system. Operation of the leachate collection system
will be continued until the collection rates stabilize at levels of less than 1.5 gpm
per leachate collection sump or 10% of the typical full production operational
collection rate, whichever is smaller.

e Stabilize wastes

Tailings will be allowed to stabilize prior to placement of the reclamation cover.
The method of tailings deposition will promote rapid tailings consolidation.

e  Cover the impoundment to:

Minimize long-term liquid migration

Promote drainage and minimize erosion
Accommodate settling and subsidence

Maintain effectiveness with minimum maintenance

The final cover will be designed: (1) with a HDPE geomembrane and low
permeability clay cap to minimize infiltration and radon gas flux; (2) to not require
post-closure maintenance due to its conservative erosion-resistant design; (3) to
promote drainage while minimizing erosion through flat slopes and/or rock
protection; (4) to control run-on and drainage of waters and (5) to accommodate
any tailings settlement. Further, the site is located in a geographical area where
annual evaporation (greater than 70 inch/yr.) exceeds the sum of annual
precipitation, (conservative estimate of 7 inch/yr.).

2-5
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2124 Radon Standards

2.1.3

214

. Post-operations (40 CFR 61, Subpart T; currently EPA - NRC

MOU):

o radon emissions not to exceed 20 pCi/m>-s

o must be in compliance 7 years after ceasing to be
operational

The reclamation cover design incorporates a radon barrier capable of
reducing emissions to levels below the radon standard for the required time
period while reducing infiltration of surface waters into the cell.

EPA Regulations (40 CFR 61, National Emission Standards for Hazardous Air
Pollutants [NESHAPs])

Any modifications to the existing cells shall be in accordance with 40 CFR 61.
Operations, maintenance and monitoring of the facility shall comply with 40 CFR
61.

10 CFR 40 Appendix A Criterion 6 through Criterion 10

Criterion 6 - Closure Cover. The closure cover design is described in the
“Tailings Reclamation and Decommissioning Plan for Shootaring Canyon Uranium
Project — 2005, Revised: December 2006 and as subsequently revised.

Criterion 7 — Preoperational Monitoring.  The mill and the major tailings
impoundment structures exist at the site. Pre-construction monitoring was
conducted, and the ongoing monitoring program including proposed changes is
described in following sections.

Criterion 7A — Detection Monitoring. The ground-water monitoring program is
discussed in detail in Section 7 and is administered under Ground Water Quality
Discharge Permit UGW 170003.

Criterion 8 — Airborne Emissions. Airborne emissions related to the tailings
facility are associated with dust and windblown tailings. Placement of tailings as a
paste is expected to result in crusting that limits dust and windblown tailings.
Commercial dust suppression agents will be applied during operations if necessary.
If needed, an interim tailings cover may be used to reduce particulate emissions to
ALARA levels.

Criterion 8A — Daily Inspection of Waste Retention Systems. The Standard
Operating Procedure (SOP) for dam and facilities inspection is under development
as described in Section 5.4.

2-6

C:\ed\projects\2007-500\TMP\TEXT\TMANAGE-07.doc
April 2007



Criterion 9 — Financial Surety. The financial surety for decontamination and
decommissioning is described in the “Tailings Reclamation and Decommissioning
Plan for Shootaring Canyon Uranium Project — 2005, Revised: December 2006”
and as subsequently revised.

Criterion 10 — Long-Term Surveillance. The CPI adjusted long-term
surveillance fee is included in the financial surety described in the “Tailings
Reclamation and Decommissioning Plan for Shootaring Canyon Uranium Project —
2005, Revised: December 2006” as subsequently revised.

2.2  State of Utah Regulations

The State of Utah entered into an agreement with the NRC in 2004 that resulted in the State of
Utah assuming primacy in the regulation of uranium milling and tailings facilities. With this
agreement, the applicable regulations as cited in Section 2.1 and any modifications or
additions are under the administration of the State of Utah.

2.2.1 Ground Water Protection (Utah Administrative Code Rule R317-6)

The administrative rule stipulates that any newly constructed facility which discharges or
would probably result in a discharge of pollutants that may move directly or indirectly into
the ground water must apply for a ground water discharge permit. The rule identifies a
broad range of facilities to which it applies, and specifically includes facilities with waste
storage piles, landfills and dumps, mining, milling and metallurgical operations. The rule
also requires that any facility constructed or operated before the rule was enacted (August
1989), must submit a notice of the nature and location of any discharges to the state within
180 days of the adoption of the rule, and submit an application for a discharge permit upon
notification by the state. The design of the seven-part-liner system, as outlined within this
TMP, will prevent discharge of pollutants either directly or indirectly into the ground
water for this milling operation. The site is administered under Ground Water Quality
Discharge Permit UGW 170003.
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3.

TAILINGS IMPOUNDMENT STRUCTURE DESIGN FEATURES
3.1  Dam Stability Analysis

The design, construction and inspection of the existing tailings-embankment-retention system
includes construction methods and hydraulic, seepage, stability, seismic and settlement
analyses. Most of these items have been addressed in the following reports: Preliminary
Geotechnical Engineering Report Shootaring Canyon Uranium Project Garfield County, Utah
Woodward-Clyde, April 1978; Tailings Management Plan and Geotechnical Engineering
Studies Shootaring Canyon Uranium Project Garfield County, Utah Woodward-Clyde,
September 1978; Stage | — Tailings Impoundment and Dam Final Design Report Shootaring
Canyon Uranium Project Garfield County, Utah Woodward-Clyde, May 1979 and Earthwork
Quality Control Overview and As-Built Drawings Construction of Stage | Tailings
Impoundment and Dam Shootaring Canyon Uranium Project Garfield County, Utah
Woodward-Clyde, July 1982. Recent reviews of the seismic stability and settlement analysis
have been completed and are included in this section. The consulting engineering firm of
Inberg-Miller Engineers (IME) completed the analysis with results that show the tailings dam
has a safety factor of 1.14 at a horizontal seismic coefficient of 0.199. At the request of the
State of Utah, Department of Natural Resources (UDNR), Division of Water Rights (State
Engineer), a deformation analysis was performed for the existing dam using the Newmark
method with a specified magnitude 6.5-earthquake and peak ground acceleration of 0.33g. In
contrast to the seismic stability analysis by IME which determines the factor of safety with
respect to structure failure, the deformation analysis predicts the potential displacement of the
top of the dam under the prescribed earthquake magnitude and ground acceleration. The
resulting predicted displacement from this deformation analysis is 1.9 inches, and as indicated
in the IME letter reports (Appendix A: Inberg-Miller Engineers letter reports dated January 9,
1997, December 11, 1997 and January 28, 1999), is not significant to the integrity or
performance of the dam. On March 8, 1999, the UDNR Division of Water Rights determined
that the Shootaring Canyon Mill Tailings Dam meets the stability criteria adopted by their
office (Appendix A, Section A.6, UDNR Division of Water Rights letter dated March 8,
1999).

In January 2007, IME performed an additional stability analysis of the Shootaring Canyon
Dam with the maximum plausible utilization of tailings capacity. The assumptions in the
analysis included: (1) the dam crest was raised 30 feet to the stage Il configuration, (2) the
upstream face of the dam was buttressed to flatten the slope to 3H:1V in accordance with the
lined cell configuration, and, (3) the RMTP was utilized to place tailings behind the dam to a
height of 25 feet above the dam crest at a slope of 5H:1V. The analysis with this configuration
represents a conservative evaluation of proposed changes in the dam and Cell 2 configuration.
The resulting safety factor was 1.18, which is slightly larger than the original analysis under
the existing configuration. The letter report conveying the results of this analysis is included
in Appendix A.
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3.2 Cross Valley Berm Analysis

The cross valley berm was evaluated for stability by IME on June 14, 1999. This evaluation
found that using a seismic coefficient of 0.19g, reshaping is necessary to stabilize the berm...
The specifications and reshaping recommendations are provided in the Slope Stability
Analysis Cross Valley Berm Letter Report (see Appendix A). During construction of Cell 1,
the upstream and downstream slopes of the cross valley berm will be flattened to a steepest
slope of 3H:1V. This is a more conservative and stable condition than the recommended
steepest slope of 2H:1V provided in the stability analysis report. The material specifications,
alignment and construction procedures for reconfiguration of the cross valley berm will meet
or exceed those presented in the IME letter report of June 14, 1999 (Appendix A). The
combination of construction meeting or exceeding the requirements of the IME seismic
stability analysis and additional slope reduction to 3H:1V will produce a reconfigured cross
valley berm having a stability analysis factor of safety that is significantly greater than one.

A deformation analysis using the Newmark method was also performed for the cross valley
berm. The IME report of this analysis is included in a letter dated June 14, 1999 in Appendix
A. The prescribed earthquake magnitude of 6.5 with a peak ground acceleration of 0.33g
resulted in a predicted displacement of 2.8 inches. The IME letter report concluded that this
displacement is not significant to the integrity or performance of the berm.

3.3 Sequence of Existing Facility Stability Analyses

The following listing indicates the sequence of analyses and reporting for the stability and
deformation evaluation of the Shootaring Dam and the cross valley berm.

e January 9, 1997 - IME performs a “seismic stability analysis” of the Shootaring
Canyon Dam using the program PCSTABL ver. 5M with the Bishop and Janbu
methods. It was assumed a full tailings pool was present and the horizontal seismic
coefficient of 0.19g was based on “Seismic Hazard Analysis of Title 1l Reclamation
Plans” by Lawrence Livermore National Laboratory. The lowest safety factor indicated
in the analysis was 1.14.

e June 14, 1999 revision of May 2, 1997 letter — IME performs a slope stability analysis
of the Cross Valley Berm using the same methods used previously for the Shootaring
Canyon Dam. A horizontal seismic coefficient of 0.19g was used in the analysis.
Based on the analysis, IME states that the lowest calculated safety factor was 1.02 for
the Cross Valley Berm that has been reconfigured according to their recommendations.
The Cross Valley Berm will be reconfigured to the prescribed configuration during
construction of Cell 1 as presented in the TMP.

e December 11, 1997 - IME performs an updated analysis of the Shootaring Canyon
Dam stability using revised soil strength parameters of the dam core material. Other
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parameters and methods in the slope stability analysis remain unchanged. The results
of the seismic stability analysis were unchanged from the January 9, 1997 analysis.

July 1, 1998 - PRL receives comments from the UDNR Division of Water Rights
(State Engineer) on the previously submitted dam stability analysis. One of the three
comments received requires a deformation analysis with a magnitude 6.5 or greater
event and a peak site acceleration of about 0.33g. The other two comments are related
to phreatic surface and pore pressure and are rendered moot when the details of the
liner system are provided to the reviewer.

January 28, 1999 — IME performs a Newmark deformation analysis of the Shootaring
Canyon Dam to calculate the potential displacement under a specific seismic event. A
peak ground acceleration of 0.33g and a magnitude 6.5 event were used as required by
the State Engineer. The source of the peak ground acceleration was a general regional
map produced by the USGS. IME stated in the letter report that the calculated
potential displacement of 1.9 inches was not significant to the integrity or performance
of the dam.

March 8, 1999 - PRL receives a letter from the State Engineer indicating that the dam
stability analysis and responses to the July 1, 1998 comments were acceptable.

June 14, 1999 — IME performs a Newmark deformation analysis of the Cross Valley
Berm to calculate the potential displacement under a specific seismic event. The peak
ground acceleration of 0.33g and a magnitude 6.5 event were used as required by the
State Engineer for the Shootaring dam. IME stated in the letter report that the
calculated potential displacement of 2.8 inches was not significant to the integrity and
performance of the berm.

January 11, 2007 - IME performs a “seismic stability analysis” of the Shootaring
Canyon Dam using the program SLOPE/W with Janbu method. It was assumed that:
(1) the dam was raised to full stage Il height, (2) the slope of the upstream face was
reduced to 3H:1V with buttressing, and (3) the tailings was placed to a height of 25
feet above the dam crest at a slope of 5H:1V. Other dam material properties and the
horizontal seismic coefficient were the same as those used in the 1997 analyses. The
safety factor indicated in the analysis was 1.18.

Other Structures

The EPPC will be constructed largely as a below-grade excavation in the broad swale
between the mill area and the existing tailings impoundment. There will be a relatively
minor berm on the southwest side of the EPPC. The upstream and downstream slopes of
the berm will be at a steepest slope of 3H:1V with a crest width of 20 feet. The existing
tailings and other contaminated material will be excavated and transferred to the EPPC
prior to the construction of Cell 1, thus all material will be placed in the EPPC in dry form.
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The EPPC will have a leachate collection system and leak detection system to maintain the
tailings in a dewatered state. These systems are expected to function primarily as a
contingency for minor leakage from the lined evaporation pond(s) or the very small
contribution of incident precipitation on the exposed surface of the EPPC. Figure 3-1
presents a cross section through the central portion of the berm that forms the southeastern
boundary of the EPPC.

There are several factors which lend stability to the structure. The small berm height in
combination with the mild (3H:1V) upstream and downstream slopes results in a very
stable structure. In addition, excavation of the EPPC results in a berm outslope toe that is
more than eight feet above the upstream base of EPPC toe with an extended mildly sloping
(approximately 100 feet at 5% slope) transition to Cell 1 beyond the western berm toe.
The existing tailings and contaminated materials will be transferred to the EPPC in dry
form and evaporation and process ponds will be lined with HDPE, so the material in the
EPPC will be maintained in a dewatered condition by the leachate collection system. The
favorable outslope toe conditions in combination with the small structure height and
internal material stability yields an impoundment with little or no concern for berm
displacement or failure. Cell 1 will also serve as additional containment for the area
upstream of the cross valley berm, and the Shootaring dam will serve as final containment
for the tailings facility.
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4.

CONTROL OF LIQUID AND SOLID EFFLUENTS

The following section discusses the above-grade retention systems used to prevent the release
of liquid or solid mill-related waste to ground water and offsite areas. NRC Regulatory Guide
3.11, “Design, Construction and Inspection of Embankment Retention Systems for Uranium
Mills” and the Utah Water Quality Discharge Permit served as a guide for these sections.
Further details on the existing tailings impoundment system are presented in the referenced
support documents.

41 WATER RESOURCE PROTECTION
4.1.1 Seven-Part Liner

The TMP for the Shootaring Canyon uranium project has been developed to prevent
tailings related impacts to ground water. A lining system consisting of a 12" minimum
clay base under a double HDPE liner with leak detection over the natural sandstone of the
impoundment area will prevent seepage from the tailings impoundment into the foundation
rock (see Figure 4-1). To reduce the amount of tailings liquids available for seepage from
the impoundment, the tailings slurry will be processed through a belt press or other fluid
extraction equipment to remove the majority of the liquid and divert it to a process storage
pond or other storage vessel for recycle to the process circuit. Also, tailings liquid
collected in the leachate collection system of the impoundment will be recycled to the
process circuit or discharged to evaporation ponds for disposal. During initial tailings
placement for a particular cell, the tailings will be placed over the base of the cell with
deliberate distribution to provide access roads/points and to extend over the exposed
HDPE liner on the 3H:1V slope areas where there is no drainage blanket. The initial
tailings placement will occur from a constructed access point and in a maximum practical
lift thickness to extend over as much of the exposed liner as possible.  This initial lift will
anchor the liner system and reduce the potential for lateral slippage and liner damage.
After the initial lift is placed, moist tailings will then be conveyed to the tailings area in a
form ranging from paste to solid and placed in a selected area in a six-inch to several feet
lift.

The anticipated RMTP method is a paste technology (see Appendix G). Using paste
processing equipment, various cementing and fixing agents can be added to the reduced-
moisture tailings stream to produce a partially cemented and erosion resistant emplaced
material. In the event that the reduced-moisture tailings are not adequately cemented or
fixed after placement, a commercial dust suppression agent will be applied to areas of the
tailings as required to minimize wind blown tailings. Following the cessation of tailings
placement in a cell, the average moisture content in the tailings will be slightly greater than
the expected long-term moisture content for the tailings. Hence, the tailings will be almost
completely dewatered when the use of the cell is discontinued. At the time of reclamation,
the tailings area will be dewatered of drainable water, further limiting the amount of water
which may seep from the tailings impoundment.
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At the project site, net evaporation from exposed water surfaces will average
approximately 70 inches (177.8 cm) per year, which is equivalent to approximately 3.6
gallons (13.63 I) per minute per acre of exposed surface. Given an ore processing rate of
1,000 tons (907 mt) per day, and assuming a tailings slurry containing 49 percent solids by
weight, approximately 173 gallons (655 I) per minute of tailings liquid will be delivered to
the processing area where the paste processing, screw press(es), belt press(es) or other
fluid extraction equipment will be located. In the event that the operation of the fluid
extraction equipment is temporarily suspended or terminated, the tailings slurry will be
delivered directly to the tailings cell. During normal operations, it is anticipated that the
fluid extraction equipment will reduce the moisture content of the tailings solids to a target
level of 20 to 40 percent by weight. Dense, settled tailings are expected to have retained
long-term moisture content of 15 to 35 percent. Based on this assumption, approximately
131 to 63 gallons (496 to 238 liter) per minute will be recycled to the mill and
approximately 42 to 110 gallons (159 to 416 liter) per minute of the tailings liquid will be
retained in the tailings. There will be some post-placement reduction in moisture content
of the tailings due to drainage and evaporation and this is expected to be equivalent to 12
to 81 gallons (45 to 307 liter) per minute when expressed as rate or fraction of the process
stream.

Since the TMP provides a means for disposing of all excess tailings liquids during the
project operation, no significant amount of free tailings liquid will remain in the
impoundment to seep into the ground water at project termination. Also, after the project
is terminated, normal evaporation from the tailings cover will help to dispose of the
incident precipitation. The slope of the final reclaimed surface will help to reduce
infiltration by shedding precipitation off the reclaimed facility. To prevent the “bathtub”
effect from occurring, a detailed infiltration model was completed for the cover system
which includes a geomembrane. This modeling indicated infiltration will be reduced to as
low as achievable. The Tailings Reclamation Plan (TRP) includes a discussion of
infiltration modeling and the potential accumulation of infiltration within the lined cell.
Limited potential for ground water impacts from this project exists, and the requirements
for surveillance of the ground water of the area will be minimal. Ground-water monitoring
wells, located near the impoundment perimeter to monitor potential seepage from the basin
during project operation, will be maintained and be available for future ground water
monitoring.

CFR 40 Appendix A requires the use of a liner under the tailings that "is designed,
constructed, and installed to prevent any migration of wastes out of the impoundment to
the adjacent subsurface soil, ground water, or surface water at any time during the active
life” (including the closure period) of the impoundment. The installation of the double
liner system as described for of the tailings impoundment would preclude any seepage
from those areas.

The double liner with leak detection system design is the Best Available Technology
(BAT) and comparable to similar facilities in the industry. The design allows for verifying
on a continuous basis that the ground-water protection levels are not being exceeded. The
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use of HDPE geomembrane material offers superior performance by maintaining the
highest standards of durability and the low permeability provides assurance that the
leachate will not penetrate the liner.

The area above the existing cross valley berm has been lined with a clay blanket of not less
than two and up to ten feet thick. The clay blanket has been overlain with sandy material
followed by gravel material, which is designed to collect slimes. Within the sand layer and
adjacent to the clay liner are drainage pipes that drain to a collection sump.

The collection sump, located downstream of the cross valley berm, is equipped with a
pump. The liquid in the sump is pumped to surface evaporation ponds or recycled back to
the mill. Prior to installation of the seven-part liner in Cell 1, all tailings and associated
material in this existing cell will be placed in the EPPC located adjacent to Cell 1 on the
east side. The EPPC will be constructed with the seven-part liner prior to the start of
construction work on Cell 1. Once the tailings and other contaminated material are
removed from the existing tailings cell, Cell 1 will be constructed upstream of the cross
valley berm.

Construction of Cell 1 will require reshaping and reconfiguration of the cross valley berm
to a much more stable configuration with 3H:1V upstream and downstream outslopes. If
the quantity of contaminated material exceeds the anticipated capacity of the EPPC below
the HDPE lined fluid storage pond(s), the excess material can be stacked above grade in
the EPPC or temporarily stockpiled within the existing Cell 1 area and then transferred to
the lined Cell 1 after construction. The Cell 1 liner system will utilize as much of the
existing clay liner as possible with attendant testing of clay thickness and quality. During
construction of Cell 1, the liner system will be extended to connect Cell 1 and the EPPC
and allow Cell 1 to serve as an additional containment measure for the EPPC. The
extension and bridging liner between Cell 1 and EPPC will consist of a single 60 mil
HDPE liner and will connect with the primary (upper) HDPE liner in each cell. The
complete liner will extend from Cell 1 across the cross valley berm and connect with the
seven-part liner in Cell 2 if Cell 2 is constructed. See Section 10 for more detail.

During milling activities, seepage from the ore storage pad will be minimal due to the
current pad construction on a clay pad to reduce infiltration. Future ore storage pads will
be constructed with a low permeability clay pad to reduce infiltration. The limited
precipitation runoff from the ore stockpiles and ore storage pad is diverted into a HDPE-
lined temporary holding pond for eventual transfer to the EPPC. Recent studies have
determined that a clay material has been used to construct the ore pad. Tested thickness of
the clay material is 12 to 14 inches with a hydraulic conductivity of 3.7 E-6 cm/sec. See
Section 9 for more detailed discussion on the current ore pad.

The impoundment will be divided into two major tailings cells and the EPPC, which will
all have a double liner system with leak detection placed over a 12" compacted clay base.
A collection system will be installed over the double liner consisting of HDPE drainage
piping placed within a filter bed. All the collection piping will attach together into one
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continuous drain field per sump, which will collect tailings leachate. From each sump, the
liquid will be pumped to the lined Storage/Evaporation Pond for evaporation or recycling
to the mill. The sumps will be used until the reclamation phase of covering the
impoundment has been completed. See Section 5 for detailed design drawings of the
tailings facility and liner system.
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5.

TAILINGS DISPOSAL SYSTEM
5.1 General Design

Tailings from the ore processing operation are discharged to an impoundment, created by a dam,
adjacent to the uranium mill. Cell 1 has an estimated design capacity of 1,602,000 tons with a
maximum stacking height of 50 feet above the top of cell elevation of 4455 feet above MSL and an
assumed emplaced tailings density of 80 pcf (dry basis). Cell 2 has an estimated ultimate capacity
of 5,265,000 tons with a maximum stacking height of 70 feet above the top-of-cell elevation of
4430 feet above MSL and an assumed emplaced tailings density of 80 pcf (dry basis). A portion of
the Cell 2 capacity (approximately 97,000 cu. yd.) will be reserved for tailings fluid or runoff
storage. A portion of this storage may also be reserved in Cell 1. When Cell 2 approaches capacity,
a drainage diversion or interior runoff storage system will be proposed to allow utilization of the
full Cell 2 storage capacity unless the decision has been made to expand the cell to the Stage Il
configuration. At a plant throughput of 1000 tons of dry ore per day with 350 days per year
operation, Cell 1 has a capacity of slightly more than 4 years of production. With full utilization of
Cell 2, the capacity is sufficient for approximately 14 years of mill production. At capacity, the two
tailings cells in the impoundment will cover an area of approximately 60 surface acres. The
impoundment is fenced to exclude livestock and warn the general public that the facility has
restricted access. Although it is not included in this submittal, the Stage Il configuration includes
raising the tailings dam 30 feet for an additional capacity of 2,867,000 tons.

The tailings management system for the facility was designed to meet the criteria in Regulatory
Guide 3.11, 3.11.1, Appendix A of 10 CFR Part 40 and State of Utah Dam Safety Guide to
Standard Operating Procedures, 1991. Stabilization will be accomplished by draining the tailings as
they are placed in the impoundment. For this purpose, a leachate collection system has been
installed in the bottom of the impoundment and the planned RMTP procedures will limit the
segregation of fine and coarse tailings within the cells. The combination of RMTP, limited
segregation of tailings fines, and the leachate collection system will maintain the tailings in a
largely dewatered condition throughout operation. It will therefore be possible to reclaim the
tailings disposal area in a relative short time period after it is filled to its ultimate level.

5.1.1 Existing Structures

A site selection survey (Preliminary Site Selection Study Proposed Shootaring Canyon
Uranium Project, Utah, Woodward-Clyde Consultants, June, 1977) was completed to identify
locations near the Shootaring Canyon uranium mines best suited for the safe and efficient
disposal of tailings and convenient to areas suitable for an ore processing facility. A
preliminary design and construction specifications (Woodward-Clyde Consultants, May, 1978)
were completed for a dam and tailings impoundment facility at a candidate site identified in the
earlier study. A third study, Evaluation of Tailings Disposal Alternatives Shootaring Canyon
Uranium Project, Utah, Woodward-Clyde Consultants, December, 1978 reviewed alternative
tailings disposal systems considered for the project. A supporting document, presenting the
results of a tailings disposal and proposed ore processing facility performance assessment, was
submitted to the NRC in June, 1978. The report included comparative data on costs and
performance for the alternative methods of tailings disposal considered for the project.
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Construction plans and specifications for the tailings disposal dam, impoundment area clay
liner, and a final design report were submitted to the NRC in May, 1979.

Prior to construction of the tailings impoundment, the area was shaped to remove surface
irregularities, unsuitable material was removed, and the surface compacted. Care was taken to
ensure that the natural southwesterly slope of the area was maintained. Following the
foundation dressing and compaction, clay was spread evenly over the impoundment area and
compacted to 95 percent Standard Proctor Density with a sheepsfoot compactor. Water was
used to wet the clay during the operation to ensure proper moisture content for compaction.
Total thickness of the compacted clay liner is at least two feet in all areas. A layer of sandy
material was spread over the clay liner promptly after it was placed, to preserve its integrity.

A dam key trench, about 40 feet wide and extending up the abutments above the level of the top
of the dam was excavated across the natural drainage outlet from the impoundment basin. A
dam about 400 feet wide at the base and 68 feet high was constructed for the first stage.  The
interior of the dam was constructed with a clay core placed into the key trench. Exterior slopes
of the dam are not steeper than two horizontal to one vertical (2H:1V). The initial structure is
expected to serve for 16 to 18 years of operations without raising the dam. Dam construction
materials were obtained from local sources. Adequate quantities of all materials required for
additions to the dam and any other clay usage in the impoundment have been identified and are
available locally.

5.1.2 Modifications of Existing Structures

The cross valley berm will be modified to improve the stability of the structure. Both the cross
valley berm and the Shootaring Dam will be modified to facilitate construction of the tailings
cells, including reduction of the upstream slope of the Shootaring Dam and both the upstream
and downstream slopes of the cross valley berm to a steepest slope of 3H:1V.

5121 Cross Valley Berm

Based on the analyses presented in Section 4 and Appendix A, it is necessary to modify
the cross valley berm in order to produce an acceptable level of stability. IME
performed an analysis of a proposed berm section with the conclusion that stability
would be acceptable provided the berm was reconfigured to a steepest inslope or
outslope of 2H:1V and a raised berm crest to 4455 feet above MSL. The details of the
analysis and the required modifications are provided in the IME letter report that
comprises section A.3 of Appendix A. Specific materials with corresponding
compaction and moisture content are required for additional fill on the reconfigured
berm. Significant stability enhancement of the stability will also result from the
additional fill on both the upstream and downstream faces of the berm to reduce the
steepest slope to 3H:1V. This additional slope reduction is necessary for the lined cell
construction and will preserve all features of the required berm modification including
centerline alignment. The fill material specifications for the additional slope reduction
will be the same as those required in the IME analysis.
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5.1.2.2  Shootaring Dam

Modifications to the Shootaring Dam are necessary to allow construction of the Cell 2
liner system. Rock must be removed from the upstream face of the dam, and will be
stockpiled for later use. Additional material will be added to the upstream face to reduce
the slope to 3H:1V prior to construction of the liner.

5.1.3 Seven-Part Liner

The new seven-part liner will be placed over the prepared impoundment basin. Preparation will
consist of base rock removal and/or dirt fill placement pursuant to the Construction Quality
Control and Quality Assurance Plan (CQCQAP). The surface will be graded to create a smooth
uniform surface prior to placement of the base clay liner. A minimum of twelve inches of clay
material will serve as the base and the secondary 60 mil HDPE liner will be placed on top of the
clay (see Figure 4-1). In Cell 1, portions of the existing clay will be preserved if possible. The
next component in the liner system is a HDPE geonet material for leak detection and this is
overlain by the primary 60 mil HDPE liner. A leachate collection system consisting of
perforated and corrugated HDPE piping with a geotextile-wrapped clean-gravel envelope will
be placed in a 6 inch thick layer of Entrada sand. A 6 inch thick layer of rocky sand and gravel
soil will be placed on top of the Entrada sand. This will be overlain by a second 6 inch thick
layer of Entrada sand for a total of 18 inches of drainage layer on the base of the cell. The
drainage layer will be placed on the base of the pond and areas with a slope flatter than
approximately 4H:1V. In areas where the leachate collection pipe is extended beyond the
drainage layer, a filter sock will be placed around the pipe to prevent intrusion of tailings. An
analysis of the hydraulic and chemical properties of the two proposed drainage layer materials
was conducted with the conclusion that the proposed materials are suitable to perform the
functions of: (1) guarding the HDPE liner against penetration or damage by stones or other
objects; (2) conveying drainage from the tailings to the piping network; and (3) preventing
intrusion of tailings into the drainage system. A synopsis of the analysis of the filter gradations
and estimated hydraulic conveyance is included in Appendix B. The drainage sand and gravel
materials will not be placed on the side slopes of the lined cells. This new liner system is
detailed in the attached figures. Figure 5-1 presents the Cell 1, EPPC and Cell 2 configurations
with contours to the top of the upper HDPE liner. The leachate that drains from the tailings
will be collected in sumps and pumped to the EPPC for disposal or return to the mill process
circuit.

5131 Clay Liner

The clay liner will consist of a minimum of 12 inches of compacted clay and will be
subject to gradation, compaction, and construction specifications in Appendix C. Cell 1
currently has a clay liner in place, and this will be preserved to the extent possible. After
the existing tailings and other contaminated materials are removed and transferred to the
EPPC, the existing clay liner will be tested for compliance with specifications in
Appendix C and will be surveyed for compliance with radiological cleanup criteria
described in Section 8 and other relevant sections of “Tailings Reclamation and
Decommissioning Plan for Shootaring Canyon Uranium Project — 2005, Revised:
December 2006 and as subsequently revised. The testing frequency and specifications
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for the remaining clay liner will be the same as that for newly placed clay liner as
described in Appendix C. If the existing clay liner is left in place as subgrade, but is not
included in the seven-part liner, it will be compacted to a minimum of 95% of Standard
Proctor density in accordance with specifications for general fill soils.

5.1.3.2 HDPE Liner, Geonet, and Piping Material

The liners, geonet, and piping will be HDPE. The general specifications for the HDPE
materials are included in Appendix C. In addition to the structural and strength related
specifications, specifications related to UV and environmental stability, as well as
chemical resistance of the HDPE are included. Many sources of chemical resistance
data were consulted for the purposes of anticipating possible degradation of the liner
system. Based on the review of available data, no measurable chemical degradation of
the HDPE materials is expected. The identified process stream constituents that were
evaluated as potentially detrimental to the liner include: sulfuric acid, sodium chlorate,
and kerosene. Other constituents such as flocculants, sodium hydroxide, ammonia,
tridecanol, tertiary amine, or sodium bicarbonate may be added or otherwise introduced
to the process stream and eventually discharged to the tailings, but not at concentrations
that are considered significant. The UV stability is related to carbon black content
specifications in Appendix C.

The acidification of the process stream is considered the primary chemical alteration that
has the potential to affect the liner. The estimated free acid (sulfuric) concentration in
the discharge to the tailings is 5 g/liter or approximately 5%. All available chemical
resistance information indicates that this concentration is not damaging to HDPE and
that acid concentrations can be dramatically greater than 5% without damaging the liner.
The sources of chemical resistance information include include: Poly-flex Chemical
Resistance Tables; Personal communication with George Yazdani of Poly-flex, Inc.;
ISCO Industries Chemical Resistance Listing, Zeus Chemical Resistance Listing; ADS
Pipe Chemical Resistance Tables; Cole-Parmer Chemical Resistance Charts and others.
The same sources also indicate that sodium chlorate will not damage HDPE. The
expected addition of sodium chlorate to the ore stream is at a rate of approximately 1.7
Ib/ton of ore feed, so concentration of the salt in the discharge stream will be very small.

Available chemical resistance information does indicate that pure kerosene will damage
HDPE lining, particularly at very high temperatures (60 deg. C or 140 deg F). The
anticipated kerosene loss rate from the Solvent Exchange process is 0.5 gal kerosene per
1000 gallons of process feed, which equates to a concentration of approximately 500
ppm. Kerosene is volatile and the concentration in any free solution in the tailings
cell(s) will likely be smaller than that in the discharge stream leaving the mill.
Ultimately, the limited amount of kerosene that remains within the tailings will become
relatively immobile because of adsorption to the tailings solids. It is also possible that
the kerosene will undergo a biodegradation process. Because the maximum plausible
kerosene concentration in the discharge to the tailings is very small and the degree of
contact with the double liner system is very limited, there is negligible potential for
damage to the liner, geonet, or piping by the presence of small concentrations of
kerosene.
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5.1.3.3  Filter Sock and Other Synthetic Materials

The two common materials available for leachate collection pipe filter socks are nylon
and polyester. Of the two materials, polyester has the superior resistance to damage by
small concentrations of sulfuric acid that will be present in the tailings solution and is
the preferred material for the sock. Neither material is subject to damage by the small
concentrations of kerosene or sodium chlorate that may be present in the discharge
stream. Other specialty materials may be considered for the leachate collection pipe
socks if appropriate physical and chemical resistance properties are demonstrated.

The filter sock will have a typical opening size equivalent to or smaller than a #70 US
Standard sieve. The drainage pipe will be bedded in a gravel envelope in the base of the
cells and areas where the slope is flatter than 4H:1V. No filter sock will be used in these
areas. Where the drainage pipe extends up slopes steeper than 4H:1V, a filter sock will
be placed around the pipe. In areas where it is practical, these sections of pipe may be
bedded in Entrada sand which has a grain size distribution that falls almost entirely
between the #200 and #50 U.S. Standard sieves. A detailed evaluation of the drainage
filter analysis is included in Appendix B. The potential for filter sock plugging within
bedding in Entrada sand is limited because the Entrada sand is very fine and very
uniform with very little silt and clay. Very little internal migration of fines within the
Entrada sand is expected, and the structure and gradation of the bedding sand adjacent to
the filter sock or geotextile is not expected to change. For those sections of pipe on the
steeper slopes where the tailings will be in direct contact with the filter sock, there is
very little potential for a measurable saturated depth and a corresponding hydraulic
gradient across the sock because of the steep (0.33) gradient of the liner/tailings
interface. In these sections, the drainage pipe is largely superfluous. The acidic nature
of the tailings solution should prevent significant biological growth and bio-fouling of
the filter sock.

Other synthetic materials may be used for controlling erosion, protecting the liner
system during the operational phase, and as a filter and cushioning layer for the drainage
pipe gravel bedding. In these circumstances, the synthetic materials may be exposed to
the tailings and tailings solution. A variety of polypropylene-based geosynthetic
materials are available and the chemical resistance of these materials for the required life
in this application should approach that of HDPE or other polyethylene based materials.
The nonwoven geotextile material that overlies the gravel in the sumps (see Figures 5-5
and 5-6) and is used to wrap the gravel leachate collection pipe gravel envelope may be
polyethylene or polypropylene based and must meet specifications in Appendix C. This
geotextile will serve as a filter for the leachate collection pipe gravel envelope.

5.1.3.4  Drainage Filter Materials

The two materials that will be used for the drainage filter of the leachate collection
system are Entrada sand and a rocky soil sand/gravel material produced by screening the
available material in the quarry area. Two column tests were conducted using these
materials to evaluate the potential for adverse geochemical reactions in the presence of
acidic tailings solution. A solution was produced by acidifying mill site production well
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water (from well WW1) to a pH of 0.85 with sulfuric acid. More than 20 pore volumes
of the solution were passed through each column using a peristaltic pump. There was
significant off-gassing of CO, as the acidic solution contacted the Entrada sand or rocky
soil and the gas locking prevented column operation with a simple gravity feed system.
However, manometer ports were observed during column operation, and there was no
indication of a significant reduction in permeability or conveyance through the proposed
drainage filter materials. The report of this testing is included in Appendix H. The
general conclusion of this column testing is that there was no significant adverse
geochemical reaction that would measurably reduce the permeability of the drainage
filter bed.

The drainage filter materials were selected to serve three primary functions. The very
fine and very uniform Entrada sand will be placed as the upper and lower layers in the
drainage filter. The upper Entrada sand layer will prevent migration of even very fine
tailings into the drainage filter, while, in combination with the geotextile filter, the lower
Entrada sand layer will prevent movement of fines into the leachate collection piping.
Because the lower Entrada sand bedding layer will be selected and/or screened to
exclude debris and particles larger than coarse sand, this layer will also protect the
primary HDPE liner from punctures by gravel-sized and larger stones. The third
primary function of the drainage filter is to provide conveyance of the tailings solution
to the leachate collection piping or directly to the sumps. The rocky soil sand/gravel
filter layer is expected to have a slightly greater permeability than the Entrada sand
while having a broad enough gradation to prevent intrusion of the fine sand at the layer
interface. The overall permeability of the 18 inch thick drainage filter layer is expected
to be moderate to high.

5.1.3.5 Pumps, Wiring, and Other Materials

Equipment such as extraction pumps, plumbing, submerged wiring, and fluid level
monitors will be constructed of materials that will provide an acceptable life and degree
of reliability. Selection of commercially available equipment that is exposed to tailings
and tailings solution will be based on chemical resistance to the acidic solution as well
as durability and economic considerations. HDPE piping with a suitable pressure rating
will generally be acceptable and stainless steel will be the preferred material for pipe
fittings, pump bodies, pump impellors, etc. There are two access pipes for installation of
pumps in the leachate collection sump and the leakage detection sump for a total of four
pumping access pipes per sump (see Figure 5-4). There will be redundant pumping
systems installed within each sump, or, alternatively, at least one replacement pump of
each size and configuration will be kept on hand for replacement in the event of a
leachate collection or leakage detection pump failure. Fluid level monitoring equipment
will also be constructed from materials that will withstand the harsh environment of the
sumps.
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5.1.4 Leachate Collection System and Leak Detection System

Figure 5-2 presents the layout of the leachate collection system for the tailings cells. This figure
also shows the location of the below grade berms that serve to separate and isolate drainage
from the cell to individual sumps. In some cases, these berms are minor extensions of natural
drainage divides in the cell base. The separation berms will be constructed as a small
(approximately 1 foot high) ridge in the subgrade, and will be overlain with the full thickness of
liner and drainage system. Two cross sections were developed to represent the two tailings
cells and the EPPC, and these are included in Figure 5-3. Figures 5-4 through 5-7 present
details of the collection and leak detection sump construction. Each sump is constructed as a
dual sump with separate collection areas for the leak detection discharge and the leachate
collection discharge. Within each composite sump, there are two 12 inch diameter pump access
pipes for pump installation within both the leak detection sump and the the leachate collection
sump for a total of four pump installation pipes per sump. There is also a 4 inch diameter
access pipe in the leak detection and the leachate collection portions of the sump. These access
pipes will be used for installation of water level monitoring equipment. The Construction
Quality Control and Quality Assurance Plan is presented in Section 5.3.

5.1.4.1  Collection Piping Capacity

A minimum of five individual trunk or branch lines is routed into each sump, but under
most plausible conditions with one foot of head over the primary liner, the drainage
water will be delivered to at least two sumps (except for the EPPC). There will be no
slurried or moist tailings placed in the EPPC, so the required leachate collection system
capacity in this cell is very small. The minimum and anticipated size of the perforated
and corrugated drainage lines is specified as a 3 inch internal diameter. A 4 inch internal
diameter perforated and corrugated pipe will also be acceptable. From the standpoint of
capacity, the 3 inch single-wall corrugated pipe is the critical condition because it the
smallest specified diameter with the greatest hydraulic roughness. Larger diameter pipes
or dual wall pipes with a smoother internal surface will have a larger conveyance
capacity. There are variable slope conditions for the drainage lines which results in
differing individual capacities for the drainage lines. For the range of hydraulic grade
lines that result from the existing slope conditions, the expected capacity of a single 3
inch diameter drain pipe ranges from approximately 50 gpm to over 150 gpm. If it is
assumed that six to ten drain lines are actively contributing to sumps, the drain pipe
capacity ranges from 300 gpm to over 1500 gpm. This does not include water delivered
directly to the sump(s) through the 18 inch thick granular drainage layer which is
estimated to range from approximately 1 gpm to over 20 gpm/100 feet of width with a
saturated thickness of 12 inches. There is also a large gravel envelope around each
collection pipe with a conveyance capacity that is approaching and may even exceed the
conveyance capacity of the pipe.
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Table 5-1. Leachate Collection Piping Capacity

Hydraulic Pipe Hydraulic Manning's Flow Discharge
Grade Area Radius n Velocity Rate
(feet/feet) (ft)) (feet) (ft/second) | (cfs)  (gpm)
3 inch Diameter Pipe
0.02 0.049 0.0625 0.014 2.36 0.116 52
0.05 0.049 0.0625 0.014 3.74 0.183 82
0.1 0.049 0.0625 0.014 5.29 0.259 116
0.15 0.049 0.0625 0.014 6.47 0.318 143
0.2 0.049 0.0625 0.014 7.48 0.367 165
4 inch Diameter Pipe
0.02 0.087 0.083 0.014 2.86 0.250 112
0.05 0.087 0.083 0.014 4.53 0.395 177
0.1 0.087 0.083 0.014 6.40 0.559 251
0.15 0.087 0.083 0.014 7.84 0.684 307
0.2 0.087 0.083 0.014 9.06 0.790 355

Discharge calculated with Manning's equation: Q=1.486/n AR %* s 2

Q = discharge in cfs

n = Manning's n

A = Pipe cross sectional area in square feet

R = Hydraulic radius in feet = Area/wetted perimeter
S = Pipe slope or hydraulic grade

As described in Section 4.1.1, the required fluid conveyance capacity in the leachate
collection system may vary over a large range. The limiting maximum required rate of
leachate collection would coincide with the contingency of conventional slurry
placement. The continuous fluid discharge rate for this contingency slurry placement is
estimated at 173 gpm, from which an abstraction of approximately 60 gpm is taken for
intermediate term retained water within the tailings as well as other minor losses such as
evaporation. This results in a maximum required leachate collection system capacity of
approximately 113 gpm in the active tailings placement area. When the conveyance
capacity through the piping system and granular drainage blanket is considered, the
minimum ratio of available to required capacity is over 3. When the planned fluid
extraction processing is considered, the conveyance capacity of the leachate collection
system will be one or more orders of magnitude greater than the anticipated leachate
drainage rate. In addition, the proposed leachate collection pipe installation
configuration provides an expanded gravel envelope that increases overall conveyance
capacity to the sumps.

5.1.4.2  Piping Structural Design

The perforated and corrugated collection system piping will be 3 inch or 4 inch diameter
HDPE with a minimum pipe stiffness of 50 psi at 5% deflection (as determined by
methods described in ASTM D2412 and AASHTO M252). Standard wall perforated
HDPE pipe with an equivalent or superior pipe stiffness may also be used. The pipes
will be bedded at the base of a clean gravel envelope that is wrapped within a nonwoven
geotextile (see Figure 5-8) meeting the specifications in Appendix C. A geotextile layer
will be placed directly on top of the primary liner to cushion the geotextile-wrapped
gravel envelope. The wrapping geotextile will be placed between the gravel envelope
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and the cushioning geotextile over a base width of approximately 6 feet. After
placement of the pipe and gravel envelope, the remaining width of the geotextile roll
will be folded over the gravel envelope with sufficient overlap to completely enclose the
gravel envelope. The anticipated roll width for the geotextile is 15 feet, which should be
sufficient to enclose a gravel envelope with 3 to 5 square feet of cross sectional area.
This gravel envelope will extend to a minimum of 6 inches above the top of the pipe (see
Figure 5-8). Entrada sand or the rocky soil sand/gravel will be placed directly over the
top of the geotextile surrounding the gravel envelope as shown in Figure 5-8 and then
compacted with small vibratory compactor on both sides of the pipe to compact
materials around and over the pipe. This will produce a very dense envelope around the
drainage pipes which corresponds to the desirable material Class | with compaction
condition for the pipe bedding Soil Modulus (E’) value. Where the pipe is extended up
slopes steeper than 4H:1V beyond the drainage layers, a filter sock will be placed around
the pipe and the pipe may not be bedded within imported material unless it is necessary
to accommodate equipment access.

An alternative corrugated pipe installation is shown in Figure 5-9. This alternative
installation configuration will only be used for segments where access for installation
equipment is limited by proximity to steeper slopes or existing access roads.

The maximum anticipated overburden thickness for the leachate collection piping is
approximately 128 feet. The small diameter and favorable bedding conditions for the
corrugated HDPE pipe will provide a substantial load bearing capacity. A minimum of
27 inches of compacted material must be in place over the pipe (30 inches of material
over the primary liner) before general equipment traffic will be allowed. Only
specialized low ground pressure or other approved equipment will be allowed on areas
where the cover over the pipe or primary liner is less than 27 inches or 30 inches
respectively. With these restrictions on equipment traffic and live loading during the
construction, the critical loading condition will be the static overburden load at
maximum thickness and full cell utilization.

An analysis of the load bearing capacity of the 3 inch diameter corrugated and perforated
collection pipe is included in Appendix J. The method for determining the acceptability
of the pipe installation was based on the Modified lowa Formula as presented in the
“Plastic Pipe Design Manual” available on-line from Lamson Vylon Pipe. The Modified
lowa Formula is considered a conservative approach, and an alternate calculation was
made with the Burns and Richard Solution using a program provided by ADS Pipe. The
results of both calculations indicated that the 3 inch diameter corrugated and perforated
pipe with a minimum pipe stiffness of 50 psi would withstand the maximum static
overburden load of 128 feet of tailings at a moist density of 100 pcf.

5.1.4.3  Leachate Collection Operation

The nonwoven geotextile will function as a filter for the gravel envelope surrounding the
leachate collection pipes. The filter area for the geotextile will range from 6 to 9 sq. ft.
per foot of collection pipe run. The Entrada sand drainage layer will be placed around
the geotextile and will virtually eliminate the migration of fines to the geotextile filter.
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The potential for biofouling in the acidic tailings condition is also limited. The
combination of large geotextile filter surface area and the Entrada sand granular filter
will prevent the internal migration of fines within the leachate collection system and the
plugging of the collection system.

The leachate collection pipe layout is presented in Figure 5-2. The maximum drainage
distance to a collection pipe on the base of the cell(s) was limited to 100 feet or less.
The pipe configuration for Cell 2 was also adapted to provide additional collection pipe
length along the toe of the 3H:1V side slopes of the cell. Selected drainage pipes are
extended up the side slopes of Cell 2 as a contingency, but these pipes are not expected
to function because the potential for a significant saturated thickness and gradient to the
pipe with a tailings/liner interface gradient of 0.33 feet/feet is very small. The collection
piping system delivers leachate to one of two sumps for Cell 1, and to one of four sumps
in Cell 2. There is a single sump in the EPPC. The material placed in the EPPC will be
in dry form and the quantity of leachate will be very small. The leachate collection
pipes will discharge to the collection sumps. The gravel envelope around the pipes will
also provide substantial conveyance capacity to supplement that in the pipes or to
replace that in the pipes in the event of a local pipe failure.

5.14.4  Leachate Collection Sumps

Details of the sump construction and design are presented in Figures 5-4 through 5-7.
Each sump consists of two compartments for separate capture and containment of the
leachate from the tailings, and the discharge from the leakage detection system. Both
compartments of each sump will be filled with washed gravel (3/8 to 1 inch diameter) to
a depth of 10 feet. Both the primary and secondary HDPE liners will be doubled in the
sumps for added strength and puncture resistance. The perimeter of the sumps will be
80 feet on each side with 3H:1V side slopes to a total depth of 10 feet with a 20 foot by
20 foot sump base. The approximate volume of the leachate collection compartment of
the sump assuming 35% gravel porosity is approximately 60,000 gallons. The volume
of the leakage detection compartment of the sump assuming 35% gravel porosity is
approximately 13,000 gallons.

5145  Sump Access Pipes

Three access pipes will be installed in each of the two compartments of each sump and
will extend to an accessible location on the cross valley berm, EPPC berm, or Shootaring
Dam. The configuration of the sump access pipes are presented in Figure 5-2 and details
of the sump construction and design are presented in Figures 5-4 through 5-7. Two of
the access pipes for each compartment will be 12 inch HDPE SDR 9 pipe, and the third
pipe will be 4 inch HDPE SDR 9. The loading conditions for the sump access pipes
were evaluated and are presented in Appendix J with the conclusion that the load
bearing capacity of the pipes is acceptable. The 12 inch pipes will be extended into the
sump to the base of the compartment and a minimum of 5 feet across the base. The 4
inch access pipes will be extended to the base of the sump and a minimum of 5 feet
across the base. The pipe alignment will be as straight as possible to allow installation of
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pumps or water-level monitoring equipment. The sections of the access pipes within the
gravel fill in the sump will be perforated. The maximum perforation width or size will
be 0.188 inch, and there will be a minimum of 5 square feet of exposed perforation area
for each 12 inch access pipe. The 4 inch diameter pipes will also be perforated within
the sump.

The primary purpose of the 12 inch access pipes is for pump installation. It is
anticipated that 4 inch diameter submersible pumps will be installed in the 12 inch
access pipes, and the inside diameter of approximately 9.75 inches is sufficient to
accommodate larger diameter pumps without excessively restrictive limitations on pipe
alignment. The two 12 inch access pipes allow redundant or contingency pump
installation. The 4 inch access pipes will house fluid level monitoring equipment for
controlling the pumps or generating an alarm signal.

The three access pipes to the leak detection compartment of the sumps will exit the sump
between the primary and secondary liners. In order to extend the access pipes to crest of
the cross valley berm or the Shootaring Dam where the pipes will terminate, a provision
must be made to support or envelope the pipes and overlaying primary liner, or the pipes
must be booted through the primary liner and extended to the top of the crest on top of
the liners. If the pipes are extended to the crest between the liners, the loading
conditions require that a shaped envelope be placed around the pipes. This envelope
will both provide bedding support for the pipe, and provide a smooth surface over which
the primary liner can be draped. For this configuration, it is necessary to eliminate voids
in the shaped envelope to avoid excessive tension in the primary liner. With the
continuous liner system across the top of the cross valley berm, it will still be necessary
to boot the leak detection access pipes through the primary liner just below the crest of
the cross valley berm. However, a boot near the crest of a pond is far less critical
because it is well above the anticipated fluid level.

Three potential options for leak detection access pipe configurations are presented in
Figure 5-10. The preferred option is the encasement of the three access pipes routed
between the primary and secondary liners with a moderate strength flowable fill. In
order to contain the flowable fill during construction, a channel will be created by
seaming a cap HDPE liner strip to the secondary liner. The expected width of the
channel is approximately 10 feet. The construction sequence will require layout of the
pipes over the secondary liner. The channel strip will then be laid over the pipes and
seamed to the secondary liner to form a smooth encasement surface. The flowable fill
will then be injected to completely fill the channel and encase the pipes. It is anticipated
that the flowable fill will have to be injected in intervals and allowed to solidify to avoid
slumping and distortion or damage of the channel at the base of the slope.

The second proposed option shown in Figure 5-10 uses a more conventional sand
envelope to surround the pipes and provide a smoothed and shaped surface for
placement of the primary liner. The installation of the sand envelope will require
compaction and elimination of void space in and around the pipes. This configuration
with the sand envelope presents some construction challenges with installation and
compaction of granular fill on a 3H:1V slope with restrictive equipment traffic
limitations.

5-11
C:\ed\projects\2007-500\TMP\TEXT\TMANAGE-07.doc
April 2007



The third proposed option for the leak detection access pipe configuration includes pipe
boots to extend the pipes through the primary liner just above the exit point on the sump.
The elevation of the boots will be at least five vertical feet above the primary liner over
the sump. The boot(s) will consist of HDPE materials conforming to the specifications
in Appendix C. A commercially produced skirt or flange-type boot can be used or
extrusion welding can be used to construct a skirt or flange type boot on-site. The
minimum area of the skirt will be 16 square feet per pipe boot. A moderate-strength
flowable fill will be applied to encase the pipe and boot of each leakage detection sump
access pipe. The flowable fill must be applied in a manner to fill all voids in and around
the boot to reduce local stress concentrations on the boot seam welds. Alternatives to
the flowable-fill encasement will be considered if it can be demonstrated that the
alternative will relieve the stress produced by the overburden loading.

A nonwoven geotextile will be placed between the sump access pipes and the primary
HDPE liner for pipes running over the primary liner. All access pipes above the primary
liner will also be bedded and enveloped in a minimum thickness of 2 feet of compacted
Entrada sand. This sand envelope will extend from the sumps up the cell side slopes for
a distance of at least 100 horizontal feet. If acceptable installation practices and
equipment are demonstrated, the sand envelope will be extended to the crest of the slope.
The surface of the Entrada sand envelope will then be plated with 3 to 6 inches of the
sand and gravel material to reduce erosion. In addition to providing support for the
piping, the sand envelope will moderate temperature changes and thermal
expansion/contraction of the pipe. The six pipes may be routed in a single corridor, but
the pipes within the sand envelope will be separated by a minimum distance of 1 foot to
facilitate compaction of the sand envelope.

The sump access pipes will be terminated in a structure at the crest of the 3H:1V slopes.
The structure will include an extendable pipe anchorage arrangement to allow thermal
expansion/contraction of the pipes. A simplified conceptual cutaway structure for the
Cell 1 sump access pipes terminating at the crest of the cross valley berm is shown in
Figure 5-11. Other mechanisms and available commercial structures will be considered
for the pipe termination.

5.14.6  Leachate Collection Pump Capacity

As described in section 5.1.4.1, the anticipated maximum continuous rate of leachate
fluid discharge to the sumps is 113 gpm. It is unlikely that all of the leachate will be
delivered to a single sump for an extended period of time, and the planned moisture
reduction techniques are expected to dramatically reduce the fluid delivery rate to the
sumps. A preliminary leachate collection pump sizing estimate for Cell 1 includes a
submersible pump with a production of 100 gpm at a Total Dynamic Head (TDH) of 110
feet, and a secondary or contingency pump with a production of 50 gpm at a TDH of 110
feet. This will allow evacuation at a rate greater than the anticipated leachate collection
rate to accommodate precipitation runoff contributions and other excess recharge, while
allowing evacuation at a rate as small as 50 gpm to capture leachate from tailings placed
with the RMTP method. The active volume of the leachate collection compartment in
the sump may be as large as 40,000 gallons, so it will be practical to set pump control
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levels that will produce pump run times of several hours for evacuation of the sump even
under very small leachate delivery rates. Combining multiple operating sumps with two
available leachate collection pumps of differing capacities in each sump, it will be
possible to operate the total leachate collection system over a wide range of discharge
rates.

The proposed leachate collection pump sizing for the EPPC is a 20 gpm discharge at a
TDH of 50 feet. The sizing of the pumps for the Cell 2 sumps will be evaluated based
on operational leachate collection rates for Cell 1.

5.1.4.7 Leakage Detection System Capacity and Action Leakage Rates

The preliminary leakage detection pump sizing is based upon anticipated maximum
leakage detection rates for each sump. The specified Action Leakage Rate (ALR) from
the TMP submitted in 1999 to the Utah DRC and NRC was 200 gal/day/acre and the
acceptability of this ALR was confirmed with the following analysis. The “Action
Leakage Rate Guideline” published by Alberta Environmental Protection presents a
method for estimating leakage through the primary liner for a properly installed and
functioning liner system. This method corresponds to similar or identical methods
recommended by the EPA and others. Although there is a minute rate of leakage
through HDPE through permeation or diffusion, the permeation rate is insignificant
when contrasted with the leakage through small punctures or defects in the installed
liner. The accepted ALR calculation predicts leakage through a single small hole in the
liner with a corresponding assumption of the maximum acceptable number of holes for a
specified area of the liner.

The assumed number of holes in the primary liner for the seven-part liner is one per
acre. The recommended assumption for head above the hole with a freely-draining
condition is three feet. Table 5-2 presents the formulation and calculation that indicates
the predicted leakage through a 0.082 inch (2.08 mm) hole with a total head of three feet
is 200 gallon per day. In combination the assumption of one hole per acre, the specified
ALR is 200 gal/day/acre.

Table 5-2. Action Leakage Rate Calculation

Estimated Hole Diameter (inch) 0.082
Number of Holes per Acre 1.00
Assumed Average Liquid Depth (feet) 3

Leakage per hole - Q = C,(area)( 2 g h,)"*
Cy, = 0.6 (default coefficient), g = 32.2 ft/sec’
area= (0.079/2/12)° (3.1416) : 3.7E-05 sq.ft.
Q= 0.0003059 ft¥/sec
Q= 26.4 ft*/day
Q= 198 gal/day

Action Leakage Rate (ALR)
ALR = Q (number of holes/acre)
ALR = 200 gal/day/acre

5-13
C:\ed\projects\2007-500\TMP\TEXT\TMANAGE-07.doc
April 2007



The ALR of 200 gal/day/acre can be converted to a Sump Action Leakage Rate (SALR)
by taking the product of the ALR and the area contributing to the sump. There are a
total of seven sumps for the two tailings cells and the EPPC. Table 5-3 presents the
maximum leakage capture area for each sump and the SALR for each sump. If the
SALR is exceeded for any sump, the tailings disposal will be: shifted to the other cell,
shifted to an area in the cell contributing to a different sump, or discontinued.
Subsequent moist or slurried tailings disposal within the area of the cell where the
exceedance of the SALR occurred will be contingent on locating and
repairing/correcting the point(s) of leakage. If the point(s) of leakage cannot be located
and repaired, the suspect area of the cell will be abandoned or restricted to placement of
tailings in a form where there will be no significant post-placement drainage (dry form
or non-draining paste).

Table 5-3. Sump Action Leakage Rate for Cell 1, Cell 2 and EPPC Sumps

Sump Contributing Area | Action Leakage Rate SALR
(acre) (gallon/day/acre) (gallon/day) | (gallon/minute)

EPPC 7.84 200 1570 1.09
Cell 1 East 12.15 200 2430 1.69
Cell 1 West 9.23 200 1850 1.28
Cell 2 Northeast 9.48 200 1900 1.32
Cell 2 Northwest 10.05 200 2010 14
Cell 2 Southeast 8.22 200 1640 1.14
Cell 2 Southwest 10.88 200 2180 151

Based on the SALRs presented in Table 5-3, the required pump capacity for the leak
detection system is less than 5 gpm. There is a wide variety of 4-inch diameter
submersible pumps available with sufficient TDH to service the evacuation of the
leakage detection sump. The pumped discharge from the leakage detection sump will be
metered with a combination totalizing/instantaneous meter and discharged to the EPPC
pond(s). The preliminary frequency of sump evacuation for active tailings areas will be
once per day with a daily record of evacuated volume. The frequency may be reduced to
a weekly evacuation and recording if the total evacuated volume is less than the daily
SALR for the sump. Fluid-level monitoring equipment will be installed in the leak
detection sump prior to operation of the corresponding tailings cell area. The fluid-level
monitoring equipment will, at a minimum, provide a measurement of the depth of fluid
in the cell and an adjustable alarm level to activate a light or siren type alarm. The fluid-
level monitoring equipment may also incorporate features to allow pump control.
Acceptable fluid-level monitoring equipment may include suitable pressure transducers
or transmitters

After a period of record for evacuation is established, level controls within the sump
access pipes may be installed or existing controls adjusted to automate the pump
operation and evacuation process provided an alarm system remains in place to clearly
indicate excessive fluid levels. The leakage detection fluid evacuation equipment will be
inspected daily after a sump is activated and this will continue as long as there is
measurable discharge to either the leachate collection or leakage detection sump.
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The conveyance capacity of the geonet is primarily a function of the transmissivity of
the geonet and the hydraulic gradient. The minimum specified transmissivity of the
geonet is 1.0E-03 m%/sec (1.076E-02 ft¥/sec) at a loading of 2000 psf (see Table 5 in
Appendix C). The capacity of the leak detection system at critical locations was
calculated using Q=TiL where: T is the geonet transmissivity; i is the hydraulic gradient,
and L is a flow width. The critical location for flow width is the perimeter of sump, and
as a measure of conservatism, the gradient was set as the smallest average bottom slope
in the approach to the sump. Table 5-4 presents a calculation of the geonet conveyance
capacity for a critical location in both Sl and English units.

Table 5-4. Leak Detection Geonet Capacity For Sump Entry
Specified Geonet Transmissivity (m’/sec) 1.00E-03| |Specified Geonet Transmissivity (ft/sec) 1.076E-02

Minimum Bottom Slope Near Sump 0.0143| [Minimum Bottom Slope Near Sump 0.0143
NE Cell 2 Sump NE Cell 2 Sump
Minimum Assumed Gradient 0.0143] |Minimum Assumed Gradient 0.0143
Assuming gradient = bottom slope Assuming gradient = bottom slope
Sump Perimeter (meter) 97.5] |Sump Perimeter (feet) 320
Conveyance = (gradient)(transmissivity)(perimeter) | |Conveyance = (gradient)(transmissivity)(perimeter)
= (0.0143)(0.001)(97.5) = (0.0143)(0.0108)(320)
= 0.0013948 m*/sec = 0.0492605 ft*/sec

121 m*/day
120508 I/day

4256 ft¥/day
31836 gal/day

The conveyance capacity of the geonet must meet or exceed the SALR for each sump. It
is also necessary to have an acceptable factor of safety calculated as the ratio of
calculated conveyance capacity to SALR to accommodate rib layover, compression,
siltation and other mechanisms that may reduce transmissivity of the geonet. Table 5-5
presents a conservative estimate of the sump entry geonet conveyance capacity using the
minimum average bottom slope of the sump approach as the hydraulic gradient. The
minimum calculated factor of safety for the geonet conveyance is 16.5.

Table 5-5. Sump Entry Geonet Conveyance Capacity and SALR Factor of Safety

Minimum Bottom Sump Entry | Conveyance
Contributing Slope and Hydraulic | Conveyance Factor of

Sump Area SALR Gradient Capacity Safety

(acre) (gallon/day) (gallon/day) (ratio)
EPPC 7.84 1570 0.03 66760 42.5
Cell 1 East 12.15 2430 0.05 111260 45.8
Cell 1 West 9.23 1850 0.15 333790 180.4
Cell 2 Northeast 9.48 1900 0.0143 31820 16.7
Cell 2 Northwest 10.05 2010 0.0149 33160 16.5
Cell 2 Southeast 8.22 1640 0.079 175790 107.2
Cell 2 Southwest 10.88 2180 0.018 40050 18.4
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5.1.4.8  Liner System Perimeter Anchorage

The geometry and slope conditions for the perimeter of the two tailings cells and the
EPPC are highly variable and a variety of perimeter anchorage approaches will be used.
Because the placement of the granular drainage layer will be limited to slopes of 4H:1V
(14 degrees) or flatter, and some narrow corridors for pipe envelopes on 3H:1V slopes,
the additional tensile stress imposed on the liners by overburden loading will be
dramatically reduced. In Cell 1, only small areas with short 4H:1V slope segments will
be overlain by the granular drainage layers, and the more typical slope of the cell base is
6H:1V (9.5 degrees) or flatter. The anchorage for the perimeter of mildly sloping areas
of the cell(s) will be done primarily with a standard trench anchor or with a horizontal
(runout) anchor where liner continuity precludes trenching. For the edge of the liner at
the crest of steeper side slopes, the primary anchorage will be done with a standard
trench anchor. Appendix K presents sample anchor design calculations. Figure 5-12
presents locations and descriptions of liner system anchorage on the perimeter of the
tailings cells and the EPPC. Temporary liner weighting systems will be required for the
majority of the side slopes for Cell 2, the upstream and downstream faces of the cross
valley berm and the upstream face of the Shootaring Dam. Sandbags attached to durable
ropes will be deployed to temporarily ballast the liner. Pursuant to a recommendation by
personnel with Colorado Lining International (personal communication), operational
ballasting of the liner on the 3H:1V slopes will be provided by sand-filled ballast tubes
(6 inch diameter or greater) extending from the anchor trench to the toe of the 3H:1V
slopes. The spacing of these ballast tubes will not be more than 35 feet on the exposed
liner. Alternative weighting methods and configurations proposed by the lining
construction contractor must be approved by PRL.

5.1.4.9  Liner Interface Stability

The areas of the tailings cells where there will be cover soil or drainage layers over the
primary liner are limited to slopes of 4H:1V (14 degrees) and flatter. The slope sections
(with cover) steeper than 5H:1V (11.3 degrees) are limited in length and plan area. This
configuration dramatically limits the cover induced tension on the liner and anchorage.
Koerner (2005) lists typical peak friction angles for soil to smooth geomembrane
interfaces of approximately 18 degrees. Hence, those areas in the base of the cell(s) with
drainage layer are at a significantly flatter slope than the critical interface friction angle.

The liners will be extended up slopes of 3H:1V (18.4 degrees) without a cover soil. At
the crest of these slopes, the liners will be anchored with a trench anchor or will have an
extended linear or horizontal anchor across an access road. The angle of the interface
between the clay underliner and the secondary HDPE liner is approximately equal to the
critical friction angle, and the support provided by the slope crest anchor should be
sufficient to prevent liner slippage in the absence of cover soil loading. The friction
angle between the geombranes and the geonet can be appreciably smaller than 18
degrees, but again, the geomembranes and geonets are anchored at the crest of the
3H:1V slopes, and the downslope tensile load is limited to the self-weight of the
material. With the exception of access road and ramp construction at mild slopes, the
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cell(s) will be filled from the bottom and progressive material loading up the slopes will
be supported at the base of the cells.

There is a special case of the sump access pipe corridors where there will be small areas
of 3H:1V (18.4 degrees) slope where a sand envelope around the pipes is constructed.
In order to facilitate construction of these pipe envelopes, it is anticipated that additional
material will be required at the toe of the envelope corridor and this will result in a much
milder slope (likely 4H:1V or flatter) for the top surface of the pipe envelope. Thus
there will be a large flare in the footprint of the sand envelopes at the base. This
condition will approach that of a base-filled cell, and the additional downslope tensile
loading will be minor. The pipes will be tensioned at the crest and this will further
support the sand envelope. There will also be a geotextile between the pipes and
primary liner to prevent abrasion of the liner, and the tensioning of the pipes at the crest
will also provide support for this geotextile.

5.1.5 Tailings Cell Fluid Distribution and Piping

The fluid collected in the leachate collection sumps and any fluids evacuated from the leakage
detection sumps will be conveyed to the EPPC. The piping system to accomplish this will
consist of at least two parallel pipes from the sumps discharging to the crest of the cross valley
berm, and at least two parallel pipes from the sumps discharging to the crest of the Shootaring
Dam. The fluids will be discharged to one or more of the ponds within the EPPC. The pipes
will be routed along the inside crest of the cross valley berm, the inside crest of the Shootaring
Dam, and the eastern side slope crest of Cell 2 as shown in Figure 5-13. This will place the
piping to the EPPC within the containment of the liner system. Fluid return piping to the mill
will be routed within the same corridor as the tailings discharge line.

5.1.6 Tailings Area Stormwater Drainage Plan

The configuration of the Shootaring Canyon drainage basin limits the runoff contributing area
to the tailings cell(s). A major diversion structure will be constructed to further reduce the total
contributing drainage area, and other minor structures and features will be utilized to control
runoff and reduce the stormwater contribution to the disposal cells.

5.1.6.1 North Drainage Diversion

A significant berm/channel diversion structure is planned for the area just to the
northeast of the EPPC (see Figure 5-13). This structure will divert runoff from the area
north of the site and west of the site access road. Detailed cross sections for the
diversion are presented in the *“Tailings Reclamation and Decommission Plan for
Shootaring Canyon Uranium Project — 2005, Revised: December 2006” and as
subsequently revised. The structure consists primarily of a downstream berm that forms
the drainage divide and an excavated and riprap protected channel on the upstream side
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of the berm. Runoff reporting to this structure is diverted to a large topographic
depression which ultimately outlets to the north and west to an adjacent drainage.

5.1.6.2 Perimeter Diversion Ditch/Berm

Minor structures will be utilized to preclude or reduce runoff delivery to the tailings
disposal cells. Figure 5-13 presents the location of and a cross section for a minor
diversion structure around the east and northeast sides of the EPPC. This feature can be
constructed with moderately sized grading equipment and is intended to prevent runoff
from entering the EPPC. The alignment of the ditch/berm will result in delivery of
runoff to the far north end of the berm where it will pond. The height of the berm will
be increased at the north end and the labeled runoff discharge pipe will be installed to
convey runoff that exceeds the storage volume upstream of the berm into Cell 1. The
upstream invert of the pipe will be approximately 1 foot below the minimum berm crest
elevation as an “emergency spillway” for this minor structure. This type of minor
structure may also be used for local runoff capture in other areas.

5.1.6.3 EPPC Emergency Discharge Pipe

Figure 5-13 presents the location of and a cross section for an emergency discharge pipe
connecting the EPPC to Cell 1. The top of the berm separating the EPPC from Cell 1
will have an overlay to form an access road. A small depression in the entire liner
system will be formed perpendicular to the alignment of the berm. The depth of this
depression will be approximately 1 foot and the total width of the depression will be
approximately 10 feet. The minimum elevation for the upper geomembrane on the
remainder of the perimeter of the EPPC is 4778 feet above MSL. The roadbed and
perimeter anchor will add between 1.5 and 2.5 feet of elevation to the surface, and this
will bring the actual surface elevation of the perimeter of the EPPC to 4780 feet above
MSL. The invert of the EPPC emergency discharge pipe on the upstream side of the
berm will be approximately 4777 feet above MSL, so fluid that may accumulate between
the single lined fluid storage ponds and the edge of the EPPC will discharge to Cell 1
before overtopping the liner containment.

5.16.4 Passive Runoff Exclusion

Figure 5-13 presents the location of and a cross section for an area of passive runoff
exclusion. This approach simply exploits flat areas on the perimeter of Cell 1 as a minor
runoff capture area. The placement of the liner and drainage layers on the northern
edge of Cell 1 is expected to result in an edge of the lined cell that is modestly above the
grade of the surrounding area. This forms a small depression outside of the cell in which
runoff from the outer drainage area can accumulate.
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5.1.6.5  External Depressional Storage

The construction of Cell 2 will require substantial fill on the west side of the cell. This
fill across natural swales will leave a series of depressions on the west side of the cell
(see Figure 5-13). The depressions will capture runoff from the area west of Cell 2 and
allow it to infiltrate or evaporate rather then entering the cell.

5.1.6.6 Ore Pad Sediment and Runoff Pond

A HDPE lined pond will be constructed to contain runoff and sediment from the ore pad
area. The ore pad has been constructed on a compacted clay base as described in
Section 9.1. A perimeter ditch currently captures runoff from the ore pad and diverts it
to the existing tailings area. The pond will be constructed by local excavation and fill as
shown in Figure 5-14. The pond base and berm will be compacted according to
specifications in Appendix C. The single HDPE liner and installation will conform to
the specifications in Appendix C. The liner will be anchored at the crest with a 4 feet
wide and 16 inch deep conventional trench anchor. The liner in the base of the pond
will be weighted with sandbags or other approved weights. The liner will extend to an
elevation of 4514 feet above MSL. The approximate capacity of the pond is presented in
Table 5-6.

Table 5-6. Ore Pad Sediment and Runoff Pond Capacity

Elevation Area Incremental Volume Cumulative Volume
(ft above MSL)| (sq ft) | (cubic feet)| (acre-ft) (cubic feet) (acre-ft)
4505 393 0 0.000 0 0.000
4506 1824 1109 0.025 1109 0.025
4507 4304 3064 0.070 4173 0.096
4508 7832 6068 0.139 10241 0.235
4509 9088 8460 0.194 18701 0.429
4510 10426 9757 0.224 28458 0.653
4511 11847 11137 0.256 39594 0.909
4512 13351 12599 0.289 52193 1.198
4513 14936 14144 0.325 66337 1.523
4514 16605 15771 0.362 82107 1.885

The ultimate capacity of the pond at overtopping of the liner is approximately 1.9 acre-
feet. This is sufficient to contain more than 6 inches of runoff from the current ore pad
area. Even with the capture of runoff from small drainage areas external to the ore pad,
and a possible reconfiguration of the ore pad area, the pond will have sufficient capacity
to contain several inches of runoff from the contributing area. A discharge pipe will be
installed in the berm on the southwest side of the sediment pond. This pipe will be
installed to place the upstream invert through a boot at an elevation of the 4512 feet
above MSL or two feet below the pond crest. This pipe will be an 8” or larger HDPE
pipe (SDR 17 or heavier) and will convey water from the sediment pond to a storage
pond in the EPPC.
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The runoff from the ore pad area will be diverted to the sediment and runoff storage
pond. The existing capture ditch around the ore pad will require some minor
reconfiguration to discharge to the pond. If necessary, small lined capture basins with
pipe outlets will be constructed to capture ore pad runoff and convey it through pipes to
the sediment pond. The pond will be evacuated with a centrifugal pump after every
significant runoff event. A significant runoff event is one that results in a water depth of
more than two feet in the lowest portion of the sediment pond. The evacuated water will
be delivered to a pond in the EPPC or to a tailings cell. The sediment collected in the
pond will be periodically cleaned out with a combination of a solids handling pump and
a pressurized water stream to flush sediment to the base of the pond for collection with
the pump.

5.2  Proposed Construction Sequencing and Control

The construction sequencing for the tailings facility will include actions to: create a lined repository
for existing tailings and contaminated material, clean up existing contaminated materials in the
tailings area, construct lined Cell 1, and construct lined Cell 2 when Cell 1 is approaching capacity.

5.2.1 EPPC Construction

The EPPC will be the first tailings disposal constructed. Prior to the start of construction
activities, the EPPC area will be surveyed for compliance with radiological cleanup criteria
described in Section 8 and other relevant sections of “Tailings Reclamation and
Decommissioning Plan for Shootaring Canyon Uranium Project — 2005, Revised: December
2006” and any subsequent revisions. Any contaminated materials in the area may be
temporarily transferred to the existing tailings area. The EPPC may be constructed with
local fill and borrow. The clay for the underliner will conform to specifications in Appendix
C, and the seven-part liner will be constructed in the EPPC. The liner system will be extended
across the top of the berm between the EPPC and Cell 1 for eventual attachment to the Cell 1
liner. The northeastern corner of the EPPC is approximately at grade and a low slope entry
point at this corner will allow access. A minimum of 30 inches of material must be in place
above the primary liner before unrestricted traffic is allowed in the area.

5.2.2 Contaminated Material Transfer

After construction of the EPPC is completed, the existing tailings and other contaminated
materials in the existing tailings basin will be transferred to the EPPC. This includes materials
on the top and outslopes of the cross valley berm. The Area F contaminated materials upstream
of the Shootaring Dam will also be excavated and placed within the EPPC. All areas where the
contaminated materials are collected will be surveyed for compliance with radiological
cleanup criteria described in Section 8 and other relevant sections of “Tailings Reclamation
and Decommissioning Plan for Shootaring Canyon Uranium Project — 2005, Revised:
December 2006 and as subsequently revised.
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5.2.3 Cell 1 Construction

After transfer of the contaminated materials to the EPPC and confirmation of the radiological
cleanup, the remaining materials above the existing clay barrier will be excavated and utilized
to the extent possible. If the material is suitable, it can be used to reconfigure the cross valley
berm to the specified 3H:1V. The rocky soil material in the existing tailings basin can also be
used to construct the berm for the north drainage diversion or for general fill. After grading of
the subgrade surface and testing of the existing clay liner, the seven-part liner will be
constructed with any necessary augmentation of the clay liner. The subgrade below the clay
liner consists primarily of Entrada sandstone. The Entrada sandstone is a dense, compact and
sound foundation for the lined tailings cell. Mildly sloping construction ramps (6H:1V and
flatter) can be installed on the north side of Cell 1. A minimum of 30 inches of material must
be in place above the primary liner before unrestricted traffic is allowed in the area.

5.2.4 Pond Construction

The single HDPE line ponds will be constructed within the perimeter of the EPPC. If the
volume of material in the EPPC is acceptable, the ponds can be constructed anytime after
completion of the transfer of contaminated materials to the EPPC. If there is excess
contaminated material within the EPPC, it can be transferred to Cell 1 after completion of the
liner and prior to the construction of ponds. Selective handling of the contaminated materials
in the EPPC will be required to create a suitable subgrade for HDPE liner installation. If
necessary, Entrada sand may be imported to grade the base and side slopes of the ponds.

5.2.5 Cell 2 Construction

The construction of Cell 2 will be delayed until Cell 1 has been utilized for approximately 60%
of its capacity. Cell 2 will require extensive earthwork to construct the subgrade including the
reduction of the upstream slope of the Shootaring Dam to 3H:1V. The subgrade of Cell 2 will
consist of Entrada sand. Appendix | presents the results of Proctor compaction testing for the
Entrada sand, and these results indicate that the very uniform fine sand can be compacted to a
high density over a broad moisture content range. The majority of the Cell 2 base and a
significant portion of the side slopes will be excavated into the native Entrada sandstone which
will form a dense consolidated base. Prepared and compacted Entrada sand will be a suitable
subgrade for the pond construction. In will be necessary to construct an access ramp into Cell 2
prior to construction of the liner system. After a portion of the liner system is in place, a
secondary ramp can be constructed by bridging over a completed section of the liner. This will
allow removal of the original access ramp. The secondary access ramp will be at a flatter slope
than the 3H:1V side slopes of the cell and will be constructed with additional fill in a buttress at
the toe of the side slope. The material placed directly against the HDPE liner will consist of the
Entrada sand from which is free of debris and oversized (>0.5 inch) particles. The overlying
fill may consist of sand and gravel rocky soil or other suitable material. A minimum of 30
inches of fill will be placed over the primary liner before general traffic is allowed.
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5.3  Construction Quality Control and Quality Assurance Plan

The Construction Quality Control and Quality Assurance Plan that will be utilized in the
construction of the tailings impoundment system is included in Section C.1 of Appendix C.

5.4  SOP for Tailings Dam and Facilities Inspection Program

The SOP for Tailings Dam and Facilities Inspection Program will be kept on the Shootaring Mill
site. SOP HP-21 was previously presented in the 1999 submittal of the Tailings Management Plan
— Amended. The previous version of the SOP was withdrawn with changes in the license status,
but is currently undergoing revision and will be updated, assigned a new SOP number, and
submitted to the DRC. The revised SOP for the tailings dam inspection program utilizes references
of State of Utah Dam Safety Guide to Standard Operating Procedures, 1991 and NRC Regulatory
Guide 3.11.1, Operational Inspection and Surveillance of Embankment Retention System for
Uranium Mill Tailings, 1980.

5-22
C:\ed\projects\2007-500\TMP\TEXT\TMANAGE-07.doc
April 2007



i M
g 19D sdurre], pue
dddd ‘T 19D sSurre], °7-¢ 2indig

PIT SHILNO0SAL NVHLV'Id




'3'71'1 DNIJIINIONI-OJTAH y2-G abod
Suippag aArjyoajoid

.00€=,1 '37T¥3S DMAT'90XA0M £002-% '31va adigd ssaooy dwing %

wWa)sSAg UOI}09[[0) 2}1eydea] sadld sseooy dwing mummsm

ﬁHoOmwnﬂmm&.Nlmohﬂm_h vwmnwﬁ_.mwmun_mnn
wrog uor}ersdos [I0) mmmm= 00S‘9C

adid UWON09[[0) 9FEUIBI([ mmmm=

PIT SHILNO0SAL VALV I QNEDTT

=

A 7 ]




‘3171 ONIY3INIONI-O3TAH G2-G abod
_ DMAT'90XA0M £002-% '31va

SUOT}09S SSO0I)
BaIy sSuI[re] ‘g-C 2InSiyg

PIT SHILNO0SAL NVHLV'Id

07 =41 — OD|3udA dUNIT ANOd NOILLVIOdVAH dHddH
00% =,1 - 103U0Z|JOH
13VIS a9 JdLTId WALSAS HDVNIVAA

NOILOZLAQ MVHT HLIM WALSAS HANIT CEEEs
INADHT

(309J) NOILOIS HNOTV AONVLSIA
00v=,1 13T¥3S 0005 0001

I_V

(=
©
)
~<H

(IS 2a0qe 1}99)) NOLLVAATH

/
/
\AQ
/
T

——SUNOd NC

TINI

4

(303)) NOILLOAS ONOTV AONVLSIA
000¢c 0007

(=]
<
«
<

mEDm\./

s
/
/ H
[ 2

(ISW 2ao0qe }99)) NOLLVAATH




‘T INTIIINIINI-03dAH

92-6 abog

3193S OL ION _m;_o.u_ycsmsumdmc_._ £002-% :31vd

SUOT}ed0T UOI}D3

[rejeq dwng (19 sSurrel ‘y—¢ 24n3yy

ssol) pue

P¥ SHITNOSHHI NVALYV'Id

NOILIVYLX3 dINOIT 04 d31vylddd3d

d4 THMA dWNS 3HL 40 dO1 3HL A0 INJL1X3d HIIHA S3dld

ONISVD 3HL 40 NOILldOd 3JHL 6 ddS 3IddH 34 1M SIdId ONISVYI IHL

033V 1d Ja¥ S3dId ONISVYI 3dHL HIIHM NI MoOd NIvdd

JHL SV SdWNS 3IHL NI @3Sn 38 T1T1IA 13AVEY d3IHSvYAM .1 0L .8/7E ¥

S3dOIS JAIS ALRHE HLIIA 4330 1334

01 'WOLL1DE FAvNOS 1334 02 A9 L1334 02 3 T11IM SNOISNIWIT dWNS

dWNS JHL

3d0H 6 das .2t
3ddH 6 ddS ¥

3daH 6 dasS .mﬁl/////

.2

3daH 6 dds .2l
3ddH 6 daS .¥
3daH 6 dds .2l

NIHLIM ST11320 NOILJ3L30 X931 ONV NOILJ3 1103 J1VHIVIT JHL W4

Ol INIW3JVId 3dId NV J3INIT 304 .€-€ 8 ,2-2 " 1-T SNOILJ3S 33S

371v3S 01 10N
CIVIIdALY M3IA NV'1d TTIVL30d dWNS

A

(14 02 X 14 02 ‘GX.> NOILYA3T1d — |
(14 05 X 14 0S) ‘¢S + .X.) NOILYA3I3 Il\\\
(1408 X 1408 ‘GOL + .X.> NOILYAZTI — |

A\

o]




"3’ T ONINIINIONI-03TAH

/2-S abod

31v3S OL LON [6mprDipowayds™ uaur)

£002-+ :31vd

I — 1 uondag ssoua)
[teyaq dwing  'g-¢ aun3iy

P

SHIYNOSAT NVALV'Id

AYTD 03LIYAWOD 40 SSINNIIHL 14 [ — |

AJ0d G3IHSYAM .1 0L .8/€ IWIJILYW TIAVAD NIVd
J3INIT 3daH W 09

ATINO (S>JWNS NI J3NIT 3d0H IW 09 a@3aav

CONIdId J3ANN ONITdvd a04>
d3NIT 3d40H TIW 09 @3aav

L3N 39YNIV0 3daH

(ONIdId J3ANN ONIGdvd 304>
13N 39VNIVaQ 3d0H 40 Sa3Av DAL aav

AINIT 3ddH IW 09
ATINO (S)>JWNS NI J3NIT 3ddH IW 09 aav

CONIdId J3ANN ONITdvd a04>
J3INIT 3daH W 09 d3aav

(ONIdId J3ANN ONIGdvd 304>
13N 39VNIVaQ 3d0H 40 Sa3Av DAL aav

30y A3HSVYAM .1 O1 .8/E€ VIA3LVW T3AVY9 39VYNIVAT

JINIT 3daH W 09

13N 399NIVAE 3dIH—

'ABHE @330X3 LON TIIM (SHXdWNS NI S3d4071S
‘ONIdWNd TIYNOILIQAVY 804 T3A33IN 41 dNAJVE ¥ SV (SXJWNS

HIY3 OLNI @3INIVLSNI 38 17IM 3dId ONISVYD 0ILVAO04d3d 3d0H 6 daaS .21 IAJIASIY v

3H1 NIHLIA ATINO SNOILV3O04d3d
3ddH 6 JddS

($HdWNS IHL NIHLIM ATINO SNOILVAO4d3d  3L0ON

d31va04d3d 3daH

7 ¥ HONOJHL (S>dWNS 3HL OLNI T3LAISNI SWILSAS T10d1NOIJ

(S>dWNS
‘3dId ONISVI (31vd04d3d
(S)dWNd dWNS

‘AL0ON  (NAMOHS LOND

(NMOHS 10N>  "3dId ONISVD
6 ddS .21 HONOJHL (SX>dWNS TIAVYD OLNI (S)dWNd dWNS 1TYLSNI

31v3S 01 LON (M3IA INOYD

(SH)dWNS NOTLIVALX3 / NOILJ3L30 X931 NOILJ33TI03 JLVHIVI

,1-1 NOILJ3S

_‘

H1d3@ L1004 01

JINIT 3daH W 09

AVIJILYKW
J3L7I4 ANYS 3NI4 40 SS3INMJIHL .9

VI¥ILYW 331714
A3AVYEY ANV ONVS 40 SS3NXJIHL .9

AVIJILYKW
J3L7I4 ANYS 3NI4 40 SS3INMJIHL .9

371131039
N3AOMNON

'HI._.E) 1004 o1

dWNS NOILJIVJLX3 7 NOILJ3L3A dv3T

dWNS NDILJ37703 31VHIV3T
HLQIM 1004 o2




"9 _ONI¥IINIONI-OJTAH g82-6 abog

31v0S OL LON [Bmp-oi30wayds~uaul| £002-v :31v0

.2 — g uondag ssoua)
[teyaq dwing  °9-¢ aundiy

1041NO3D

LY SHITNOSHI NVHLVId

(S)>dWNS 3HL NIHLIM ATINO SNOILVd04d3d

d31va04d3d 3d0H 6 ddsS
0¥ G3IHSYA .1 OL .8/€ WINILYW TIAVAD NIvad
U3INIT 3daH W 09

ATIND (S>JWNS NI J3NIT 3d4aH 1IW 09 d3aav

CONIdId ¥30NN ONIAAvd J04>
JIANIT 340H T7IW 09 a3aav

13N 39VNIVYA 3daH
A3NIT 3daH TIW 09
ATIND ¢S>JWNS NI J3INIT 3d40H 1IW 09 aav

CONIdId ¥3ANN ONIAAvd J04>
43NIT 340H TIW 09 Q3aav

CONIdId ¥3ANN ONIAAvd 304>
13N 39YNIVA 3d0H 40 Sy3AvVT OML dav

dv] ON3 HLIMA ON349 3dld WwNavano

dMJvd v SV Q3TIVLISNI 39 T11IM 3dId ONISVI (31vVd04d3d 3d0H 6 daS

ONISYD @31vd0433d 3IdaH 6 daS
‘WILSAS T0dLINOJ <440/NO

'ATHE @333X3 10N TIIM dWNS NI S3d071S

‘ONIdWNd YNOILICAdY 04 T3d33N 4l
21 IAJISHI ¥

(S)>dWNS 3HL NIHLIM ATINO SNOILvVa04d3d 310N "3did
& ¥ HINOYHL (SX>dWNS 3HL OLNI d3ILJISNI WILSAS
MO7/HOIH v NO 31vd3d0 0L (S >dWNd dWNS

‘310N "3dId SNISVD
«21 HONOYHL (SHJWNS TIAVYED OLINI (SddWNd dWNS TIVLSNI

(M3IIA 3AISO
.2-2 NOILJ3S

37v3S 01 10N
(SXdWNS NOILJ3TI0J 3LVHIVI

5%
555555

5757
%

\\W

G595 I 455400 T
i

7

%

2945005594
4574%5%

3701X31039
N3AOMNON

AV 03LIvdW0I 40 SSIANMJIHL L4 1
J3NIT 340H TIW 09
13N 39VYNIVIQ 3daH
J3NIT 34aH MW 09

¢773M NOILYNJIYA3 NOILJI31703 3LVHIV3ITD
S3dld 3d0H 6 adS HINI .¢ v3 1T ANV .21 v3 2

3d013AN3 13AVYET 03ddvam
3T[1X31039 HLIA 3dld 031vaD4d3d .€

WIA3LYW
J3LTM4 ONVS 3NL4 40 SS3INMNJIHL .9

AVIA3LVW 331714
T3AVYD ONY ONYS 40 SS3NMIJIHL .9

WVIA3LYW
A3LM4 ANYS 3INI4 40 SSINMNIIHL .9

H1QIM L1004 02




"' 771 _ONIYIINIINI-OJTAH 62-S abod

3792S OL LON [Bmpoizowayss~uauw| £002-+ :31vd 'ATHE 0@333X3 10N T11IM SdWNS NI S3d4071S

ONIdWNd TYNOILIQAY &04 T3d33N 41
£ — € uonoag ssouaj dNXJvE ¥ SV Q3TIYLSNI 39 17IM 3dId ONISVYI (31va04d3d 3ddH 6 odaS .21 3AJ3S3Y v
[reyoq dwing °L-g aundiy

(S)JWNS 3HL NIHLIM ATINDO SNOILVYO4d3d 310N "3dId ONISVYI T31va04d3d
3ddH 6 ddS ¥ ¥ HONOJHL dWNS 3IHL OLNI TG3LA3SNI WILSAS TT08INOD  (SHTIYNOIS LHOIT

Y] SHIHNOSHNE NAVALVId JILYM HOIH HLIM W3ILSAS TONLINOD ¢440/NO> MOT/HOIH ¥ NO 3193340 OL ¢S)dWNd dWNS

(SXdWNS 3HL NIHLIM ATINO SNOILVO433d :3L0ON  "3dId 9NISY]
I31v304343d 3d0H 6 ddS .21 HINOYJHL (SHdWNS TIAVIT OLNI (SH)dWNd dWNS T1TVLSNI

371v3S 01 LON (M3IA 3AIS
(SX>dWNS NOILVNIYAZF /7 NOILJ33L3d A3l ,£-£ NOILJ3S

A3NIT 3daH TIW 09

ATIND ¢S>dWNS NI J3NIT 3d40H 1IW 09 aav

AJ0Y Q3HSYAM .1 OL .8/€ TIWIN3LVW T3IAVAD NIvad
A3NIT 3daH W 09

ATIND ¢S>dWNS NI J3NIT 3d40H 1IW 09 aav

(ONIdId J30NN INIQAvd a0
J3INIT 3d4aH IW 09 a3aav

L3N 39YNIVY0 3daH

(ONIdId J3ANN INIQdvd a0
13N 39VNIVd 3d40H 40 SJ3AvT DML dav

dv¥] N3 HLIM ON39 3did vnavan |/

\

H1d3d 1004 Of

AVIH3LVW
331714 ANYS 3NI4 40 SS3NMJIHL .9

IVIN3LYW 33114
A3AVAD ONY ONVS 40 SS3NMJIHL .9

AV Q313vdWO] 40 SS3NMJIHL 141

A3NIT 3d0H TIW 09
AVIH3LVW

13N 39YNIVYd 3daH 331714 ANYS 3NI4 40 SS3NMJIHL .9

¢113M NOILYNOVAI / NOILD3ALAT w3 HLIA 1004 02
S3dld 3d0H 6 d0S .v Y3 T ONv .21 ¥3 2

A3NIT 3d0H IW 09




11 ONI¥IINION3-00AH 0E-G 3604

31v3S 01 Ez_ 6mp'g-cbi4| £002-+ :Q3ISIAIY

UOI3} 01103 SU] adld UO0I13D3)10]
330YyD037 '8§-C aunbi4

P¥T SHIHNOSHH NVALV'IH

9[1}X2}1093 uaaomuou JFuluoIysn)

Q
’0

Q
L

3K

Q

BRI I
ORRRIRIERAIRIRIIRANRINRAS
RN
QXXX
%

L

Q

R
L
Do

Q
R
’0

R
R

<
L
L

K

&%
&%
5K
%
&%

.
X
0K
X
0%
9

&S
0
0%

Q
R

-
X
R
o 0%
RS
3
otelede!
358
LK
otelede!
SRR
2K
bodeteds
38585
9K
LXK
LK
P20 %0%

X
9,
&
X
0‘0
2
9.
20
9,
&S
9,
&5
%

R
R
R
R
QL
L
R
R

—
&
K

0%,

&K

L

<

3
X
X
%
%
%5
%
%
%
%

-
35

Q
R

L
R

L
Q

2
R

20

&5

&
%

&
&%
K
%
&%
%
%

5
%
%
20

5
%
X
%
5
55
35
XS
0
3

Q

%
Q
L

R
R

=
3B
20

Q
R
R

20

TR
L
R
2

R
R
R

100

.0
20

3

&S
XX
&
&S

S5
<
R
L
Do
SR

%
QR
<

R

%
K
X
%
%
0%,
K

20

Q

T505050505050505050 0505050505050 05050505050 = 0505050505050505050505050505050505050505050505050
02030303020202020303030803050303030202030203030303030! 20203030202030303080308030303030302020303030305030302
2203030303030303030303090303030303030303030303030302 020309030203090303030303030303030303030303030303030
230203080302020303080303030303020303030302030303030 09030203030802020303030303030303030303030 o
020303030303080203030302020303030303030303030303030 90309030903090309030903090308030903030309 g
- 030802030303020203030303030303030303030!

oo ooooooooooooooooooo .... . .
owowoWowowowoWowowowowowowowowowowowowowow.o .@—Hmm wﬁmh\ﬂ.c .
020202020202020308030803030302020303030309" ce- B I o "__
03090303030202020203030303030303030302030%” . - . .
93090303030203030203030303030303030303020 E b e
£3090303030303030303030303030! 03020°" . C- PRI
020903090303030303030305080303050803030303830503030505030303050 9 o2~ .
a20203080308030303030203020393030305034
a20909080309030903090303070903030

o
2220903030 50f03030309030!

s B B R T B R . e[9AeJy puUE pu

e : L I TR
2280525252523200029802003250598 95 258525852003020° : QQ%GA QmmﬂﬁﬂWQ )
s m v.

v e v

dejaaao 9[131x91098
300} T wWnuwiury

7/
AAUEHSw\nvmmoﬁm;nw_o\:w..mvoamms \\

wno~w>=w~w>mnwnw>o vﬂﬂ_o.« HSE.SMEEMEEEQTS
aseq apIm j00j g ajewixoxdde - 9[1}1X9)09F USAOMUON

adid 34dgH po1efnatod pue pajedojrad youl $ J0 youl ¢




2171 ONIJIINIONI-0JAAH 1€-¢ :a60g
31v3S 01 Ez_ 6mp'g-cbi4| £002-+ :Q3ISIAIY

UOoI3 01103 SU] adid UOI3231)10)
910YD037 810UU3dLlY '6-C aunbi4

P¥ SHIHNOSHH NVALV'IH

ORI
RIS

Q

3K

&%

SR

%
%

Q

Q
Do

Q
L

3K

5K

L

&

Z5R8RIRERIRRERIRRIRIIIRIRILIIIRIIRIIKLIKKLAKKKLKKL
QRRIRRRRIRIIRHRIRARIORIIRIIRIRAAIIRIRIIRANLANRANIK
RIS KK 305258

Do

K
SRR
o0 0% %
2558
525252558
SRS

R
R
‘0
L
‘0‘0

5%

Q

3K

Q

3K

Q
L

Q
’0

00
&
X
3%
o de
X

20

20
&

2

Q
L
QL

2

K

&K
K
K
K
&
%
%

R
R

20

L
o %

Q

0,

<
Do %

L

20

L
o %

Q

0,

%0

L

&
9,
038,
9,
&
9,

Do

<
L

L
L

Q

Q
%
R

<
Q

R
%

<
Q

5K

Q

R
QL
L
R

o %

<
&R

L

<
R

9% 9% 9%
19090009000 9090009090909090909.9.9.9.9.0.909.9.9:9.9.9.9.9.9.9,9.9:9.%
900.0:9.0,9.9.0.9.0.9.9.9.9 9090909.0:9.0.9.0.0.90.0.9.9.9.9
00000000000“00000000000 00000"000“000000000 NOOOO KR

Q

3K

5
&%

5

5

5
%
5
5%
%

5

9,
.
.
9,
9.
o,

<
L

3

00,

208
&

5

3

00,

208
X
5
&
X
K

Q
Q
Q
Q
Q
L

5

5
&%

%
%
008
%
&
%

20

00,

20

&
&
&
&5
&5

X
&R

Q

L
Q

Q
&R

R
Q

R
L
R

Q

0,

R
R
&R

L

L
R
Do %

%
o %

<
Do %

L
<

5

5

Q

5

L
<
<

L

5

3

5%

Q

5

3

5%

Q

5

L
Do %

L
Q
Q

00,

20

<

20

00,

20

K

S
&
&

R
R
&R

Q

Q
R
R
R

D
&
3
O
&

5

00,
%
%
X3

5

5

5

5%

uo1109)3q e pue sisuiT J4qH

oo¥o¥eYotolols 05050393050505¢
- Sespsosesesols! 3552825052308

23323828, 999999
9t

2309550008 oeacosassacsr : .... .HQ%N-A . QMNQHNMQ .muﬂnﬁm . N.muﬂw.n\w.ﬂnm ...

.. JIake] oFeureiq

[9AtJax) pue .pueg -
v e . N

s _ .

odid punoue soyoul % JOo WNWIUIN
(your 1 03 g/g) ado[aaua [2ABIT paysey

yoos Yy adid g4dqH porednaaoo
pue pajesoyrad youl  J0 youl g




Flowable Fill Leak Detection Pipe Channel Encasement

's‘e"tlo,,
Flowable Fill Envelope in HDPE Channel Around
Three Leakage Detection Sump Access Pipes
sllr,,“l\l Do ls)gﬁ%:llga neGdO a:ilils‘:ll-l[’!lzll;'E Liner Double Lined at Sump

D Accey, = Primary 80 mil HDPE Liner
‘Pe T Washed Gravel

Section Diagram

C
ﬂ"’ cled o'
Flowable Fill Envelope
X = HDPE Channel Seamed
0 QR KRR a to Secondary Liner
8 Neorerganet 2 For Flowablé Fill
&0 oReoNeRecy ) ipe Encasement
.°.° oty 5 9%0}
8 Q e
] .:.o K] & g .0’ %
RUXRXS g : g Compacted Clay o Q 3 < SRS
R QQQQQQ&QWQ % KRR X
Sand Envelope Leak Detection Access Pipe Corridor
In.h- . sboun
n
Ly . Sand Envelope Around Three
ST Leakage Detection Sump Access Pipes
2z Secondary 60 mil HDPE Li
s"'np / Dgfl%lile.[.riyl':\ed J{“Sump ner

Primary 60 mil HDPE Liner
Double “Lined at Sump
Washed Gravel

Section Diagram

Sand Envelope

OIRIIK 3
XX SRR R X
523K X
SRRIBRRRRRRKK
Compac Cla; SRS
AARRKAAAARRL,
SN R
RIRRRRRRRRR R X

Leak Detection Access Pipe Boot Configuration

Sy,
m
7] Aceess P
ipe

Geonet

l§econdary 60 mil HDPE Liner

ouble Lined at Sump

Flowable Fill Boot
Encasement

Boot Through 60 mil HDPE Liner

Primary 60 mil HDPE Liner

/D

ouble “"Lined at Sump
,~VWashed Gravel

~ o M M

By - = <

= = - = = =
= = = =

= = - = = -
== = = =

= = - = = -
H H o®e®e o

- o - '8 = -
HHHH H HHH H

- H H '8 HH H
HO-HH - HOH A .

= - - = = -
= - = -

= = = = = =
=0 ® o HHHHHH egegeece
H e
HOHH ala'

OO0

oeladady o®
A o®
= = e®
= ®
HIHHHNH ®
afaadoey o®
Sesesesed o®
- ®
M -

O000000K
OO0
OO0

egeg T
egeg -
egeg -
THH o®s
FHH HH
g8y T
egeg -
THH -
THH o®s

O000000CK

- ==
afale®d
- -0
afale®y
= -0
eSeSefe
o e%e®
HHHH
- M
MO
- ==
afala®l
- =04
-0
o e%e%
I HHHN
a®a®ata

JOOOCOOOOCK
JO000000C0K
PO 000000004
JOOOCOOOCK
0000000

- - = —HH -
a®a®a 8 & a®a®a &
a®a®a a®a & a®a®a &
HHHHHHHH H
HHHHHEHEHH HHHHH
HHHHHHHNH HHHHNH
a®a®a a®a & a®a®a &
a®a®a a®a 8 a®a®s 8
HHHH A H
aeaenedededeleld HOHHOHH

e e afa

4 a' a H a

PLATEAU REé‘OURCES Lid.

Figure 3-10. Leak Detection
Access Pipe Configurations

REVISED: 4-2007 |FigS-8.dwg |N|:|T TO SCALE

Page: 5-32

HYDRO-ENGINEERING L.L.C.



€€-g :a6og
£002-% :Q3SIAIY

"3"171 ONIYIINIONI-OJTAH
3792S 0L LON | Bmog-G614
4N31DdNULS uoIrouUIWUd | adld SSaddy
dwns jonidaduo]  11-¢ aunbi4
P¥I SHIOHNOSHAH NVALV'Id
R JIafe] Furuorysn)
/~ SI11X3}03) USA0MUON
rotr] Kol
S ”, wwww“..mm.......wwm
e ——— .. . ... pues epenug
/ urxojyeid jroddng pappaquiy
... o7 poqpeoy
—<]2484),PUB pUBS

uonoeryuo)/uoisuedxy
pio) 1o Suradg Suipuajyxy—

adid quosqy 0} Suluolisua],
Suisnof ._04\

aaa9[g Joyouy adid



‘011 ONINIINIONI-OHTAH re-g :abvd
,00€=,1 13738 DAT'90NIOM | £002-+ 131¥Q
suorjeoo] pue sadf],
aferoyouy Jaur] °‘Py—¢ 2andry peg I8[Id eFeureiq 4
wrog uor}ersdos [I0) mmmm= 00S°9G
. adid UWON09[[0) 9FEUIBI([ mmmm=
P¥[ SHIHNOSHHE NVALVId ANADTT
e —

-

000 hL

JOYOUue TYOUSIL],

Joyoue yYoual

o
.///\ A ”o
Oo ¥ 112D pPue/ Dddid-asomjyaq

SNONU)U0d J3UT] ATeWLI]

Kel19A0 paqpeot Lq poatoyoue
& |Hnwammonommﬂoﬁd_anoonwnﬁ

9

JOYOoUue YOUSL]

00¢ u.n‘

felI2A0 paqpeod £q paJtoygoue
WIaq SSOJ0B SNONUIJU0Dd JJUI]

UWGT;ONTISU09 JI9)Je Joyoue Youar} — [[IJ [IOS JIaY)}o
[HOUS—POIHI oQ [[IM [[22 I0 siafe] ofeureip £q ure[IaAo JIaury
— IoYoue ﬁcde.ﬁ JOUTW

&
L




‘311 DNINIINIONI-OATAH ce-g abod

S3MOA 13TV DMAT'90XA0M £002-% '31va

saanjes] [0I}UO0) aFeurerq 29eJIng
pue sJopliro)y Surdid °‘g7—-C 9Indryg

ped I0)I4 oSeureaq

PIT SHILNO0SAL VALV I ANIDAT

JIOpLII0) Furdid

\“‘ﬂ T
daH//e/aas. 2r—odid

afreyosiq Louafiawas

A mmnﬁmmnm..mﬁnu&m
¢o cmnadom_n.donﬂm
.@
ﬁ

K

vaIy aamde) jjouny [ewrIoyxy

UoISN[oXYy JJouny oAIsSsed
UO0I}098 SS0I)

- pusg wpenug

Lg v -
» e . tp

v -2 S . T p. ¥ * v POoqpPEOY [9ABJID .v@.nn.w pues v -
R I . B . . R S v v - N 5
o . : . v s O S

v

u.v .. v... . . . . I. .. .. .v. .v ..v.
ad1d afxeyosTt
honvm.nvﬁm..mﬁ

odig oSxeyosiq LouaSroway HJJH
UO0T}03S SSOI)

1931eH 300} g WMWIUIR

waag /Yoy UOISISAI] I9)3WIad TeordL],
uorjoag ssoi)




*2171_ONIYIINIONI-OJAAH 9e-6 :26od

0ST = .1 _u|_¢uw_ DAT'90X40M £002-¢ 31vad

puod jJjouny pue
juowIpes ped 910 ‘FI-G 2In3ig

PY] SHITNOSHT NVHALVId

0ddd ur puod oy pejnoy edig

S 2A0Qe }J 2ZTE¥ 18 1I0AH]
M JoUr] YFnoay] pajoog ayeju] wesxjsdn
H Io LT 4as) °did 9dqH 198187 1o . Q

JUIT\AdAH [TOr-.09
puod juswipaS pue jjouny /ped aIQ

“AAAAASDAALAD DO w—
SAAAAAAAABRAAALALAD u
RN AADMAAAAAAAALAAAAAAANANARAAD bnn
“AAAAAAAANAAAAAAAAAAALABADABSBAABAAA
A AAAABAALALAAAALLAALAAAAALAALAAALA.
KA A




6. TAILINGS DISPOSAL MANAGEMENT

Tailings will be transported, in the form of slurry at about 45-55 percent solids, by weight, to the fluid
extraction area through a high-density polyethylene pipe. The fluid extraction area may be located
adjacent to the mill, adjacent to the EPPC, or within the tailings cells. A provision will be made to
allow direct discharge of the tailings slurry to the tailings cell(s) in the event of a fluid extraction
failure. The discharge pipe will be supported within an HDPE-lined trench (60 mil or thicker) with a
minimum depth of 12 inches, or alternatively, within an 18-inch half-round polyethylene pipe. The
HDPE-lined trench or half-round pipe will contain any potential leakage from the discharge slurry
pipe. This slurry pipe support will conduct any potential leakage to the impoundment by gravity flow.
The fluid recycle line from the storage ponds in the EPPC will also be placed within this containment
pipe or lined trench.

6.1 Tailings Cell Configuration

The tailings impoundment area has been divided into two major disposal cells and a smaller
disposal cell for the existing tailings and other contaminated material. The existing cross valley
berm will be reshaped and reconfigured to serve as the cell divider between Cell 1 and Cell 2.
The first cell to be constructed will be the Evaporation and Process Pond Cell and this will be
followed by construction of Cell 1. The use of multiple cells will allow progressive expansion of
tailings capacity along with interim stabilization measures and eventually progressive reclamation
of cells. The anticipated start of construction for Cell 2 will be approximately 1 to 2 years prior to
reaching full capacity in Cell 1.

6.2 Fluid Extraction Processes and Tailings Placement

A thickener, belt press, or other fluid extraction equipment will be used to extract a significant
portion of the fluid from the tailings slurry. This fluid will be discharged to a small HDPE-lined
decant pond and subsequently delivered to the Storage/Evaporation ponds or recycled directly to
the mill. All fluid storage ponds and the fluid extraction equipment will be located within the
perimeter of the seven-part liner or within a constructed area near the mill. The target moisture
content of the reduced-moisture tailings is 30% or less by weight. The reduced-moisture tailings
solids will be delivered to the tailings cells by one of two methods. The preferred method will be a
solids-handling pumping system which delivers the reduced-moisture tailings via pipeline to a
distribution tower or possibly a continuously moving distribution machine which places the tailings the
maximum practical lift thickness. Other possible placement alternatives include transport vehicles
equipped with a hopper and conveyor unloading system or a suitable dump bed to haul the tailings to
the cell.

A total lift of several feet of tailings will be placed over a large area of the base of the cell prior to
placement of significant volumes of tailings within the cell to avoid load-induced displacement and
damage of the liner. After the placement of the initial lift across as much of the cell base as possible,
the lift thickness of subsequent tailings placement will be a function of the selected fluid extraction
process. With the typical paste tailings approach, the appropriate lift thickness is relatively small (less
than one foot) to facilitate rapid evaporation, stabilization and hardening. It is anticipated that a paste
approach will require multiple discharge points to allow cycling or a movable discharge structure. A
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significant advantage of the paste placement is that, with appropriate processing and admixtures, the
surface of the newly placed tailings can harden to a relatively erosion resistant crust.

With a simple belt or screw press to extract fluids from the slurry tailings, the post-extraction
consistency of the tailings may range from a flowable paste material to a moist soil solid. The
proposed placement methods will have to be adapted to the consistency of the tailings. If the
consistency of the tailings is such that it can be pumped with a positive displacement pump, the
pumping arrangement will be similar to that of a paste placement. If the tailings are in a semi-solid to
solid form, the two primary alternatives are a flexible conveyor system or a transport or tram vehicle
arrangement. With this arrangement, the tailings will be placed in the largest practical lift thickness to
consolidate newly-placed tailings in the smallest possible area. A commercial co-polymer dust
suppression agent will be applied to the newly-placed tailings when the condition at the tailings is
such that there may be any wind-blown transport of tailings. During the summer months, it is
anticipated that the dust suppression agent will be applied at least once a day.

The Tailings Management Plan permits a wide variation in tailings placement procedures. The
duration of tailings placement in a cell may be varied and the number of points of stacking or discharge
may be adjusted. These procedures may require seasonal adjustments due to the large local seasonal
variations in evaporation rates. A major advantage of the planned fluid extraction process, as
described, will be that most of the tailings liquid will be immediately reclaimed for reuse in the process
circuit, which decreases the amount of fresh water to be consumed by the plant. Since the tailings
liquid will be acidic, its recovery will have an important effect on the total acid requirements of the
plant. As previously noted, tailings placement will start in Cell 1, which is located at the impoundment
basin. The available tailings disposal volume in the first cell is sufficient to store the tailings from the
first three to four years of plant operation.

6.3 Conventional Slurry Tailings Placement

It is likely that the fluid extraction operations will have to be temporarily suspended for
maintenance or repair operations. In order to allow continued milling during these periods, a
tailings slurry discharge line to the tailings will be maintained. The discharge point will be in a
depression within a tailings cell where there is no potential for discharge of ponded fluids outside
of the liner containment. This discharge point will have to be periodically shifted as the tailings
accumulate in the cell. The leachate collection system is designed to accommodate conventional
slurry placement and redundant pumps with a wide range of combination capacities will be
installed to evacuate the leachate collection sumps. Therefore, the only required adjustment in
tailings cell operation for a temporary suspension of fluid extraction is possibly some switching of
pump sequencing. The tailings placed as slurry will not require any further processing and will be
dewatered by drainage to the leachate collection system.

In the event that reduced-moisture tailings handling is suspended for an extended period of time
and the conventional hydraulic slurry placement is used, tailings discharged to the cells will be
located within the boundary of the lined cell with a sequential rotation of the discharge location to
all the corners of each cell. Present expectations are to discharge the entire flow of tailings slurry from
a single spigot at one corner of a cell. This flow may be continued for a period chosen to provide
efficient cell operation before the discharge is shifted to the lowest corner of the cell. With the
hydraulic placement, the sand and slime fractions of the tailings will segregate as they are
discharged to the cells, with the sand depositing nearer the point of discharge and the slimes
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flowing to the lowest area within the cell (which will continuously be shifting in location because
of the shifting discharge points). Since each layer of slimes will collect and stabilize in the lowest
part of the cell and since the next tailings discharge will be from the lowest corner of that cell,
each layer of slimes should be largely covered by sand. Ultimately, the central part of each cell will be
filled with alternating layers of sand and slimes lying in a helical configuration. The cell perimeter will
consist mainly of tailings sand. This configuration will facilitate drainage and consolidation of the
slimes, and will lead to continuous burial of that part of the tailings containing most of the residual
radioactivity in the processed ore.
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7. COMPLIANCE MONITORING

All environmental and radiological monitoring will be in accordance to the standard operating
procedures (SOP’s) as detailed in the Plateau Resources Limited Administrative Procedures,
Environmental Protection Procedures and Radiation Protection Procedures, Radiological and
Environmental Monitoring Program found in Table 5.5-7 and 5.5-8 (March 1, 1996 Renewal
Application) and State of Utah Water Quality Discharge Permit. The tables and Discharge Permit
include the ground-water monitoring schedule along with all other types of monitoring.

7.1  Ground-Water Monitoring Quality Assurance Plan

Ground water is monitored at the locations specified in Table 5.5-7, and 5.5-8 and the
Discharge Permit. These locations are selected to monitor any seepage entering surface
waters or ground water from the tailings impoundment during operations. Further details are
provided in the Ground-Water Monitoring Quality Assurance Project Plan dated August 22,
2006.

The seventeen ground water monitoring well locations were selected using the following
criteria stipulated in Regulatory Guide 4.14 and in the EPA Health and Environmental
Protection Standards for Uranium Mills, 40 CFR 192, Subpart D and State of Utah Discharge

Permit:

1. Ground water hydrologically down gradient and relatively close to the tailings
impoundment and hydrologically up gradient, i.e., not influenced by potential seepage
from tailings.

2. Criteria to be used as indicator chemical and radiological parameters for early detection of
potential tailings seepage allow for simplified but efficient monitoring program.

3. No surface waters leave the mill facility or tailings facility, all drainage flows into the
tailings impoundment. No monitoring of surface water is expected to be necessary at
this site.

7.1.1 Location, Number and Type of Ground-Water Monitoring Wells.

Two upgradient monitoring wells and five downgradient monitoring wells, all
located with respect to the uranium mill tailings impoundment, are sampled in
accordance with Ground Water Quality Discharge Permit UGW 170003. The
upgradient wells RM-1 and RM-12 are located immediately north of the tailings
impoundment.  Well RM-14 is located on the west side of the tailings
impoundment while well RM-2R is located to the east. The remaining wells, RM-7,
RM-18 and RM19 are located downgradient of Cell 1. A summary table of the well
depths and screen locations for each of the above wells is included in Section D.3
of Appendix D. This table is duplicated from Table 3-1 of “Ground-water
Hydrology of the Shootaring Canyon Tailings Site — 2005”.
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7.1.2 Monitored Parameters and Frequency.

Monitoring wells RM-1, RM-2R, RM-7, RM-12, RM-14, RM-18 and RM-19 will be
sampled semiannually in accordance with Ground-Water Quality Discharge Permit
UGW 170003 and the Ground-Water Quality Assurance Plan dated August 22, 2006.

Wells RM-23 through RM-32 will replace wells RM-7, RM-18 and RM-19 prior to the
construction of Cell 2.

Ground-water surface elevation will also be measured semiannually to calculate
ground- water flow rate and direction in the uppermost aquifer.

7.1.3 Sampling and Analytical Techniques

Ground-water samples will be obtained according to procedures outlined in the
Ground-Water Quality Assurance Plan dated August 22, 2006. Each sample will be
filtered, preserved and analyzed using EPA analytical procedures or the equivalent.
The sampling results will be used to determine whether a significant increase in any
constituents has occurred and to provide reasonable confidence that the migration of
hazardous constituents from the tailings impoundment into and through the aquifer
will be indicated.

7.1.4 Background Levels.

Background data for various constituents for the ground-water monitoring program are
being collected prior to the operation of the facility. The background data will be used
to define the natural range in concentration for each constituent.

Action levels for the ground-water monitoring program are based on sampling results
and trend analyses. If individual sampling results exceed the upper limit of the range
of natural background for ground water samples which are obtained within the
restricted area of the mill, or if trends of increasing concentration with time are
observed, the ERHS staff will investigate to determine the cause of the water quality
changes. Corrective actions involve identification of the source of the contamination
and possible mitigating measures, such as the installation of ground-water flow barriers
or seepage pump-back systems. Currently, all analyses are performed by commercial
laboratories. These commercial laboratories will be Utah certified. During operations,
analysis may be completed by the mill laboratory if it is Utah certified and at
commercial laboratories with various commercial laboratories utilized for quality
assurance on an as needed basis.

7.15 Exceed Site Standards

Site standards have not been set for the Shootaring site. Additional background
monitoring data is being collected and needs to continue as long as possible to best
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define the full range of natural background concentrations. Site standards will then be
developed based on the historical background data set.

7.2 Leak Detection System Recording and Fluid Transfer

To insure that the primary upper liner is functioning properly, a continuous liquid detection
recorder will be installed in the sump(s) which collect liquid from between the two 60 mil
HDPE liners. Any indication of leakage will result in pumping the liquid into an operating
tailings or evaporation cell when necessary. The pumping assembly will be connected to an
alarm and light to monitor the pumping systems operation. Weekly evaluations will be made
to determine the quantity of liquid, if any, due to leakage. Initial measurement and evaluation
frequency may be higher until the system performance is documented.

7.3 BAT Performance Monitoring Plan Leak Detection

The quantity and rate of any leakage collected in the sump(s) will be measured at least once
per week. Initial frequency of measurement may be higher until a record of system
performance is developed. Any leakage that is collected will be delivered to the
Storage/Evaporation Pond for disposal through evaporation or recycle through the mill. The
maximum allowable leakage rate is 200 gallon per day per acre. The action leakage rates for
each sump are presented in Table 5-3 and are discussed in Section 5.1.4.7. The maximum
allowable head on the leak detection system is three feet above the top of the individual leak
detection sump.

7.4 Other Environmental Monitoring

Tables 5.5-7 and 5.5-8 which are presented in Sections D.1 and D.2 of Appendix D present the
monitoring programs for direct radiation, soil, vegetation, and meteorology. Figure 7-1
presents the monitoring locations. The operational monitoring program and interim monitoring
programs were designed to meet the following criteria presented in Regulatory Guide 4.14:

1. Sample vegetation from animal grazing areas near the mill site in the direction of the
highest predicted airborne radionuclide concentrations.

2. Sample soils and measure gamma radiation at each of the locations chosen for air
particulate samples.

Increasing trends for a monitored parameter will be investigated by the CRSO or his/her staff
to determine the cause and identify potential corrective actions.

Meteorological monitoring during operations consists of continuous wind speed and direction
measurements recorded on strip charts. Digital logging equipment may also be used for
meteorological monitoring. That information is of value in the unlikely event of a puff-type
release from one of the mill stacks. During the interim operational status of the mill, the
monitoring program for meteorological monitoring is suspended.

Fish sampling and sediment sampling is not conducted because of the lack of streams flowing
through or near the processing facility.
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8. CONTINGENCY PLANS

The following contingency plans are presented for the tailings facility elements. These
contingency plans address plausible events that can reasonably be expected to impact the tailings
facility or result in the potential release of tailings or tailings solution.

8.1  Tailings Liner — Leak Detection System

If the collection rate from the leak detection sump exceeds the allowable rate of 200 gallon
per day per acre, a series of steps will be taken to reduce the rate of discharge from the leak
detection system.

If the change in rate of discharge from the leak detection system is fairly abrupt and
indicates a new contact with a liner puncture, recent locations of tailings placement or
tailings solution ponding will be examined for liner damage. This may include excavating
through recently placed tailings or evacuating ponded solution to try to expose the area of
the liner where the leak is likely to be located. If a damaged section of liner is located, the
liner will be repaired and tested. During this process, the location of tailings placement
will be changed or the tailings placement will be suspended.

If the contributing punctures in the primary liner cannot be located, all ponded tailings
solution will be pumped from the suspect area to an adjacent cell or to the most distant
practical location within the cell. If the rate of discharge to the leak detection subsequently
declines to acceptable levels, restrictions will be placed on the moisture content of tailings
that can be placed with the area of the cell where the leak occurred. Only reduced-
moisture tailings will be allowed to be placed in the section of the cell contributing to the
sump where the allowable leak detection rate was exceeded. No ponding of solution will
be allowed within the section of the cell contributing to the leak detection sump.

8.2  Tailings Liner — Evidence of Bottom Liner Loss of Integrity

If there is evidence of seepage from the tailings system detected in the ground water, the
nature and probable location of the source of the seepage will be evaluated. All water
levels in the tailings leachate collection and leak detection systems will be measured and
the sumps will be continuously evacuated to the lowest possible level. If the cell or a
portion of a cell can be identified as the source of the seepage, tailings placement and/or
solution discharge to that area will immediately be suspended. Additional monitoring wells
may be installed and a Corrective Action Program will be evaluated.

8.3 Excess Tailings Solution or Runoff Volume

Excess solution or runoff water captured within the tailings disposal cells will be
transferred to the storage/evaporation pond within the EPPC if possible. If there is not
sufficient capacity in the storage/evaporation pond, any fluids that cannot be evaporated in
a reasonable period of time will be distributed over the tailings cell surface to increase the
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evaporative surface area. This distribution system may include sprinklers, sprays, and
commercial fan enhanced spray units to accelerate the evaporation process.

Various stormwater control measures are specified to limit drainage area to the tailings
cell(s). These measures are described in Sections 5.1.6 through 5.1.6.6. The result of
implementation of these measures is that the runoff contribution of external areas to the
tailings cells is expected to be relatively small. The containment of excess fluids from
runoff may become a concern as the tailings cell(s) approach capacity. The sequential
construction and continuous liner system between Cells 1 and 2 will limit the periods when
fluid containment capacity is a concern to two intervals. At the point when Cell 1 is
approaching capacity, the containment capacity in Cell 1 will be limited to available fluid
storage below the cell crest liner elevation of 4455 feet above MSL. A minimum of 20
acre-feet of fluid storage will be maintained below the containment liner elevation of 4455
feet above MSL in Cell 1 until the liner is completed in Cell 2. If the decision is made to
discontinue milling prior to construction of Cell 2, a stormwater containment contingency
plan will be developed and submitted to the state to allow continued usage of Cell 1 and a
waiver of the requirement to maintain 20 acre-feet of fluid storage. The contingency plan
will likely include construction of internal ponds within the tailings along with high
capacity transfer pumps.

After Cell 2 is in use, a total of 60 acre-feet of fluid storage will be maintained within Cell
2 or a combination of Cell 1 and Cell 2. When Cell 2 is approaching capacity, a
stormwater containment contingency plan will be developed and submitted to the state to
allow complete utilization of Cell 2 and a waiver of the requirement to maintain 60 acre-
feet of fluid storage.
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Mill Ore Pad
9.1 Geotechnical Review

A geotechnical review on the ore pad liner has been completed and submitted to the State of
Utah Division of Radiation Control. The study found that there are 12 to 14 inches of clay
material covering the ore pad. This clay material has a hydraulic conductivity of 3.7 E-06
cm/sec. The ore pad is currently designed to have the small surface drainage area diverted
into the tailings facility. A HDPE-lined sediment pond will be constructed northwest of the
ore pad, and runoff from the ore pad will be diverted to this pond. Excess water in the
sediment pond will be transferred to the EPPC. With the clay pad and diverted surface
drainage, seepage from the ore pad is minimal. The ore pad report is presented in Section
E.1 of Appendix E.
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10.  Stability of Previously Deposited Tailings Material

The previously deposited tailings material and associated radiologically contaminated material will
be excavated and deposited within the lined EPPC. Single HDPE-lined ponds will be constructed
within the EPPC on top of the tailings and contaminated material that has been transferred to the
lined EPPC.  These ponds will be used for storage and evaporation of water. The stability of
material transferred to the EPPC is not expected to be a concern since it is currently dewatered and
will be transported and placed in dry form.
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A.1  Seismic Stability Analysis, Letter Report
by Inberg-Miller Engineers, January 9, 1997
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INBERG-MILLER ENGINEERS

124 EAST MAIN STREET RIVERTON. WYCMING 82501-4397 307-856-8136

January 9, 1997

U.S. Energy

_ ) 7664-RX

877 North 8th West
Riverton, Wyoming 82501

ATTENTION:

KEN WEBBER

SEISMIC STABILITY ANALYSIS RESULTS
STAGE I - SHOOTERING CANYON DAM
GARFIELD COUNTY, UTAH

Gentlernen:

This letter summarizes the results of a seismic stability analysis we performed for Stage I of the
Shootering Canyon Dam in Utah. Our services were performed in accordance with our
November 11, 1996 Service Agreement and Proposal.

You provided the following docurnents for our review:

-

"Tailings Management Plan and Geotechnical Engineering Studies - Shootering
Canyon Uranium Project”, by Woodward-Clyde Consultants dated September,
1978. )

"Stage I - Tailings Impoundment and Dam - Final Design Report, Shootering
Canyon Uranium Project”, by Woodward-Clyde Consultants dated May 1979.

"Stage | Tailings Impoundment and Dam Field Density Test in Zone 2 Material -
Shootering Canyon Uranium Project”, by Woodward-Clyde Consultants dated
November 13, 1980.

"Earthwork Quality Control Overview and As-Built Drawings - Construction of
Stage I Tailings Impoundment and Dam - Shootering Canyon Uranium Project”
bv Woodward-Clyde Consultants dated Julv 28, 1982.

We developed our understanding of dam geomety, geologic conditions, and engineering
properties of soils which comprise the dam according to the above docurnents as a basis for
modeling the dam for analysis.

As requested, we also reviewed the following document which is contained in our files: -

"Seismic Hazard Analysis of Title I Reclamation Plans”, by Lawrence Livermore
National Laboratory dated June 26, 1994.
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U. S. Energy 7664-RX
January 9, 1997
Page Two

SLOPE CONDITIONS AND PARAMETERS

We understand the Stage I of the Shootering Canyon Dam was completed in 1982. The dam is
an earthen structure designed to impound uranium mill tailings. It has a crest elevation of 4433
feet and a maximum height of approximately 85 feet. The design maximum surface elevatio
of impounded tailings is 4420 feet. Tailings are assumed to be sarurated. '

In general, the dam is comprised of 3 zones as shown on Figure 5, Section C -C from July 28,
1982 Earthwork Quality Control Overview and As-Built Drawings - Construction of Stage I
Tailings Impoundment and Dam - Shootering Canyon Uranium Project. Zone 1 is the core of
the dam, extending from the base to the crest, which is "silty sandy clavev” soil. Zone 1 is kev-
in to the rock foundarion at the base. Zone 3 adjoins the core on the upstream and downstream
sides, also extending from the base to the crest, which is "fine sand". Zone 2 forms the upstream
and downstuream face of the dam outside of Zone 3, and is described as "boulders, cobbles,
gravels, and sand". We also understand an additional 2.25-foot thick layer of 18" rip-rap will
extend from the downstream toe up the face a height of 15 feet. Soil descriptions for each soil
zone were as defined by Woodward-Clyde Consultants in their above referenced reports. A copy
of Section C-C that we referred to for modeling the slope is contained in Exhibit A.

Based on information provided by Plateau Resources Limited (PRL), we undersiand that the
tailings will be contained by a liner and collection system. The liner system will consist of a
double-layer 60 mil HDPE liner with leak detection, and will extend up the upstream face of the
dam 1o the crest. Accordingly, our slope stability analysis assumes there is no phreatic surface
through the dam.

The soil properties of the different units which are part of the dam system were taken from Table
C-1 for operating conditions and seismic conditions in the May 1979 Stage I - Tailings
Impoundment and Dam Final Design Report. Based on the Nov. 13, 1980, letter regarding Stage
I Tailings Impoundment and Dam Field Density in Zone 2 Marterial by Woodward-Clyde
Consultants, the unit weight of Zone 2 soil was increased from 125.0 10 131.0 pcf. A copy of
Table C-1 and the Nov. 13, 1980 letter is contained in Exhibit B. The soil propertes we used
are summarized below:
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U. S. Energy 7664-RX

January 9, 1997
Page Three
Soil Description Unit Wt Cohesion Friction
Number , (pcf) (psf) Angle (9)
1 Zone 1 - Silty Sandy Clayey 125 1500 ~ 0
Soil 4 ’
2 Zone 2 - Boulders, cobbles, 151 0 40

gravels, sand

3 Zone 3 - Fine sand 125 0 . 32
4 Rock Foundation 140 1000 45
5. Tailings 100 0 10

PRL requested that we use a horizontal seismic coefficient of 0.19 g based on "Seismic Hazard
.Analysis of Title IT Reclamation Plans”, by Lawrence Livermore National Laboratory. A copy
of the report section, to which PRL referred us, is contained in Exhibit C.

ANALYSIS RESULTS

We performed a slope stability analysis using the computer program PCSTABL version 5M, and
the parameters which were described above. Stability analyses were performed in accordance
with Bishop and Janbu methods which are available as options on PCSTABL. Per PRL’s request,
we analyzed the downstream slope assuming a full tailings pool (surface clevation 4420 feet).
No other configurations were requested or analyzed.

C:\Projects\2005-50\mgmt plan\TailsMgmtPlanAPPEND-A.pdf
December 2005



U. S. Energy 7664-RX
January 9, 1997
Page Four

The lowest safzty factor (1.14) was determined using the Janbu method for the downstream face
of the dam. The critical failure surface determined with PCSTABL is characterized as an
"infinite slope failure” which is planar and parallel to the slope face, and typical of failure
surfaces in granular soil. The safety factor calculated with PCSTABL compares favorably with
manual calculations for an "infinite slope” using a soil friction angle .of 40 degrees and a
horizontal seismic coefficient of 0.19 g. Input and plot files for the PCSTABL critical failure
surface are included in Exhibit D.

INBERG-MILLER ENGINEERS

Glen M. Bobnick, P.E.
Geotechnical Engineer

Exhibit A - Existing Conditions
Exhibit B - Soil Properties

Exhibit C - Seismic Hazard Analysis
Exhibit D - Stability Analysis Results
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EXHIBIT A - EXISTING CONDITIONS
Figure S, Section C -C from July 28, 1982 Earthwork Quality Control Overview and As-Built
Drawings - Construction of Stage I Tailings Impoundment and Dam - Shootering Canyon
Uranium Project
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EXHIBIT B - SOIL PROPERTIES
Table C-1 from May 1979 Stage I - Tailings Impoundment and Dam Final Design Report,
and November 13, 1980 letter regarding State [ Tailings Impoundment and Dam Field Density
Test in Zone 2 Material
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Woodward-Clyde Consultants

'} TABLE C-1

SOIL PROPERTIES USED IN STABILITY ANALYSES

Effective Strength Total Strength

So0il Parameters Parameter
Number Unit Weight

vaterial (Figure D-3) (pcf) C'(psf) g'(°) cpsf) g(°)

zone 1% 1 125 0 26 (1) 950 (2) 13223
2200 (4) 0
1500(5) O(S)

sone 2(3) 2 125 0 40 - -

ione 3(3) 3 125 0 32 - -

Ciay Blanket* 1 125 0 26 (1) 900 (2) 13(2)
2200 (4) o (4)
1500(5) 0(5)

Ziilings ) 5 100 0 10 - -

rock Foun- 4 140 1000 45 - -

dation(3)

{l1) Parameters for operating conditions - static condition

(2) Parameters for end of construction - static condition

13) Effective strength parameters for these materials apply
to all conditions

(4) Parameters for end of construction - seismic condition
{%) Pacrameters for operating conditions - seismic condition

* Estimates strength values to be confirmed and presented with

additional stability analyses in supplemental report to be
submitted by June 5, 1979.

C:\Projects\2005-50\mgmt plan\TailsMgmtPlanAPPEND-A.pdf
December 2005



Three Embarcadero Center, Suite 700 WOOdward'Clyde COHSUItantS

San Francisco, California 84111
415-956-7070

November 13, 1980

Project: 60255N

Plateau Resources Limited
772 Horizon Drive
Grand Junction, Colorado 81501

Attention: Mr. U.K. Gupta

Gentlemen:
STAGE 1 TAILINGS IMPOUNDMENT AND DAM
FIELD DENSITY TEST IN ZONE 2 MATERIAL

SHOOTERING CANYON URANIUM PROJECT
Garfield County, Utah

As reguired in Amendment No. 1 to the Source Material License

SUA 1371, and as discussed during the NRC site inspection

on November 5, 1980, a field density test is required in the

Zone 2 material for every 50,000 cubic yards of Zone 2 material
placed. Because of the wide range of grain sizes, the conven-
tional testing being used for Zone 1 and 3 is not applicable.

The first test was completed on November 6, 1980, and the results
show that the Zone 2 material is being compacted to a dry density
of 131 pcf. This value is well above the estimated 125 pcf used
in the stability analysis for the dam (WCC Report, May, 1979),
hence stability being achieved is well in excess of the minimium
requirements.

Attached is a copy of the test procedures for the field density
test discussed above. These procedures will also apply to the
remaining density tests to be performed in the Zone 2 material.
The total time required to complete the field portion of the

test is about 1-1/2 hours provided all of the necessary eguipment
and labor is present at the onset of the test.

Consulting Engineers Geologists
and Environmental Scientists Xa

Offices in Other Principal Cities
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Woodward-Clyde Consultants

Plateau Resources Limited
November 13, 1980
Page Two

If you have any questions concerning the contents of this
letter, please contact Mr. Bernard Gordon or the undersigned.

Sincerely yours,

oy 1 e

Don A. Poulter
Staff Engineer

sme
Enclosure

cc: w/Enclosure

Bill Luhrs (PRL)
PRL Field File
(c/o S. Ankrum)
R. Duncan (Garco)
D. Rose (Garco)
D. Staton (MSME)
M Brown (MSME)
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Woodward-Clyde Consultants

ZONE 2 FILL DENSITY TESTS PROCEDURES
SHOOTERING CANYON URANIUM PROJECT

Garfield County, Utah

IR —

1)

2)

3)

4)

5)

6)

7)

Select a representative area approximately six to
seven feet square. The area should be approximately
level or require only minimal grading.

Excavate a pit approximately 6ft. x 6ft. x 3ft.
The corners and bottom may be rounded. As the

material is excavated, carefully load it into a
clean, empty truck making sure that no material
is wasted or lost.

Trim the loose material off the sides and bottom
of the pit by hand. Place this material into the
truck making sure that no material is wasted or lost.

After all of the material has been loaded into the
truck, weigh the loaded truck on calibrated scales
(+10 1lbs. is desired); dump the material and weigh
the truck empty. If the scales are not on site,
the material should be covered with a tarp to
minimize moisture evaporation during travel.

After weighing, collect a sample (approx. 2-1/2 1lbs.)
of the finer material (minus 2 inch) and determine its
moisture content. The sample should be representative
and not contain material reduced in moisture from
evaporation.

Line the excavated pit with a flexible sheet of
plastic, approximately 10 mils thick. The linear
should be loosely fitted so that it may conform to
the sides of the pit as it is filled with water.
The plastic should overlap the top by two or three
feet.

Using a calibrated meter or calibrated container,
carefully fill the pit with a measured volume of
water. Once the water level reaches the top of the
pit, stop the test and record the volume of water
placed in the pit. If the top of the pit is not
level, measure the unfilled portion and determine
its volume. (For this reason, it is best to exca-
vate a square or rectangular pit).
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Woodward-Clyde Consultants

SHOOTERING CANYON URANIUM PROJECT

(Continued)

8) After thetest is completed and all of the data are
recorded, empty the pit by pumping out the water,
and discharge it into an area that will not adversely
affect the construction or performance of the dam.

9) Backfill test pit to original grade with material
recompacted to same density.

10) Calculate the density of compacted Zone 2 matérial,
using the attached form. A copy of the completed
test form should be sent to WCC.
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Woodward-Clyde Consultants

FIELD DENSITY TEST

ZONE 2 MATERIAL

SHOOTERING CANYON URANIUM PROJECT

Garfield County, Utah

Test No:
Tested by:

Supervisor (s) Present:

Weight of Truck plus Material:

Weight of Empty Truck:
Weight of Excavated Material:

Wet Weight of Moisture Sample:
Dry Weight of Moisture Sample:

Moisture Content:

Gallons of Water:

Volume of Water:

Date:

volume of Unfilled Portion of Pit:

Total Volume of Pit:

Dry Density:

Calculations:
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EXHIBIT C - SEISMIC HAZARD ANALYSIS
Referenced section from June 26, 1994 Seismic Hazard Analysis of Title II Reclamation
Plans”, by Lawrence Livermore National Laboratory
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larger M-3.8 2vent, we use the median esumara o account {or iis much lower probability of
occurzing. This leds o an esimarte for PGA 0 0.19¢.

Fault 2

anir 2 gends aershwest hence it 1S Lavoramv oriented with the szess feld. The fanlt is approximarely
10 ‘ez lonz. If the =ndire fanlr ruprured in @ single evenr tis could lead to a M~6.25 earthquake. If we
assurne only cre-nalf of e fanlt ruptures, this leads tc a M~3.9 sarthquake. The faultis -~
approximarzly 13 km Fom the site. The 1-sigma estmaie for PGA ar the site from a M~35.9
earthquake loczzzd on what we have labeled fault 2 is 0.28¢. Because of its lower probability of
occurrence, we use the median estimare for Mi~49.25 which is 0.19g. The median 2simare fora

M~3.9 svenris 0.16¢.

This favit 's ai—ost due east of the site. The fault is listed as a cessitle Quare =arv favit by Teckar

1003) and cowid have some seismiciry associated with it Toe Zanit .Mc.s norheast and hencs 2ot in
the most liksly direction for =m.hquakes. Thus it is not a Hkely candicare for 2arthquakes. Eowever,
it is included iz e analysis for completeness. The fauit has a ‘e:z':z of auurcx;m.re v 25 k= and lies
roroximaraly 35 Cn from the site. If we assume the 2zpirz L:n.: marrured, this would give rise 0 a
6.7 -J*cx...b Tais is larzer than might be sxpected, ar least Sesed on the historical record.
Eowever, as we pointed out in the methoo.oxogy SecTCm, it i§ zct clear thar the historical record gives
a zood ind: c:i:-i of the larzast evext that could occur becanse wa axgect that the largest possitie

\P’

avant WOLIE Se 2 characierisac earthquake governed bv its own characiarisdc remem interval. If we
use z distznce of 35 k= and M = 6.7 in the Jovzer - Bocrs mocal, we get 1-sicma estimare of 0.14¢.

Random Earthquake Analysis

Based on the gzology and parern of seismicity around the Platezu Resources site, we selected a
source zome Wrich seemed reasonable to use to develop our recurrence model As described in the
methodclegy secdon we arplied Stepp’s method o0 ry and det=rmine the completeness of the
earthquaks carziog. Thers is o dara in the carzlog befcre 1963 for the selected zone. Stepp's method
indicated that -2 catalog was reasonably complete for everrs of zhout magnimde 3 for the last 10 to
fitteen years. Tz e smaller avents did not appear © be complets. Fig. 7.17 shows the dara for the last
30 vears. Ais~ shown is the guncared exponentdal mocel thar we use with My = 5.75. The model
acpears 0 3 e dara reasonably well. The simple Riczrer form of the mode!l nermalized o a per year
basis is

logN =72.42-0.92M

We used iis recurrence medel to develop the seismic rarard for the region around the Platsan
Resources sitz =5 outlined in our m Lhodolog'j secdon. Fig. 7.18 & ‘e the hezard curves for values of
My=33.37 5.anc 7. We ses from the hezard curves therat a ?E level of 104 the PGA varies
berwesz 0.1 24g. Asthers are 00 major fzults in e viczicy of the site our preferzed choics for
M is 5, Qg =stmare for the round =otor 2t e site from the rendom eﬁ’-f'vcm.ak=

1
...... E level of 5x10~ the PGA varies bemwesn 0. 08z 10 0.12g depencing upon

D
- - i
= choics c: M, with a valve of 0.09g at M, =5.75.

7.8.3 Conclusions
[aere appear 12 Se no faulis through thesite that cowdd cause croblems. Our deterministc analysis
10 2z ast—zz= for PGA of 0.16g to 0.3g. Tae rancde ::‘:.; aks aralysis gives a lower estimate
jgiwc0.2lag Therzisa DOS:lDﬂ.E“f of a larger earthquake in the viciniry of the site, which is
Included in thazn y51s for random v_racukas however the Lkelihood is suficiendy low that in our
ocinion te -3 5 arthcuake meers our critetia
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EXHIBIT D - STABILITY ANALYSIS RESULTS
Input and Plot Files for the PCSTABL fyritical Failure SurfacE
"

~.
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PROFIL C:JU19.IN PCSTABL Version 5M
SECOTERING CANYON DAM SEISMIC STAEBILITY

33 7

0. 145. 181. 145. 4

181. 145. 211. 160. 2
211. 160. 214. 150. 2
214. 160. 353. 228. 2
353, 228. 440. 228. 2
440. 228. 466. 216. 2
466. 216. 626. 216. 5
465. 216. 562. 167. 2
552. 157. 593. 173. 1
593. 173. 607. 165. 1
607. 165. 625. 171. 4
350. 225. 377. 226. 3
377. 2256. 406. 226. 1
406, 226. 415. 226. 3
415. 225. 498. 156. 3
258, 155. 562. 167. 1
406° 226. 485. 154. 1
485. 154. 498. 156. 1
377. 226. 433. 144. 3
360. 225. 392. 145. 2
181. 145. 184. 141. 4
184. 141. 150. 141. 4
150. 141. 195. 144. 4
155, 144. 204. l44. &
204. 144. 268. 140. 4
268. 140. 392. 145. 4
392, 145. 412. 142. 4 .
412, 142. 433, 144. 4
433, 144. 437. 141. 4
437. 141. 4%2. 141. 4
432. 141. 495. 145. 4
495. 145. 607. 165. 4
§07. 165. 626. 171. 4
SoIL

5

125. 125. 1500. 0. 0. 0. O
131, 131. 0. 40. 0. 0. O
125, 125. 0. 32. 0. 0. 0
140, 140. 1000. 45. 0. 0. 0

Page 1
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100. 100. 0. 10. 0. O.
EQUAKE

0.19 0. 0.
CIRCLE-Janbu circular,
0

20 20

175. 225. 350. 400. 1l0.

0

search.

25.

Page 2

C:\Projects\2005-50\mgmt plan\TailsMgmtPlanAPPEND-A.pdf
December 2005



A.2  Seismic Stability Analysis, Letter Report
by Inberg-Miller Engineers, December 11, 1997
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INBERG-MILLER ENGINEERS

124 SAST MAIN STREZT RIVERTON. WYCMING 32501-4397 307-855-8136

December 11, 1997 7664-RX

U.S. Energy
877 North 8th West
Riverton, Wyoming 82501 -

ATTENTION: DAN ARIMA

SUPPLEMENTAL SEISMIC STABILITY ANALYSIS
TAGE I - SHOOTARING CANYON DAM
GARFIELD COUNTY, UTAH

Gentlernen:

This leter supplements our January 9, 1997 lener with regard 10 seismic stability analvsis for
Stage I of the Shootaring Canyon Dam. Soil swength paramerzss for Zone | (dam core) and
impounded ailings were revised based on additional information srovided bv U.S. Enerov

Zone | soil used in the analysis presented in our Januar: 9, 1997 ieter was based on Table C-1
in the May 1979 Stage I - Tailings Impoundment and Dar: Finai Design Report. However, the
swength parzmeters were subject to confirmation as noted on Takis C-1. U.S. Energy providw
test dara which was contained in a June 12, 1979 lewer from their consultant. Woodward-Clyde
Consultants. which presented confirmation. The test dama presents soil swength parameters based
on consolicared-undrained shear testing for two Zone 1 soil borrow areas (H and [). A copy of
the rerere*lcsd test data is contained in Attachment A o this lezer. Toral strength paramé:e:

were used for seismic analysis. Towl swength paramerers for Zane | changed from the Table

C~I values as indicated below:

Soil Sirengzh Parometer Confirmation
(Woodward-Clvde. June 12. 1979 Leter)

Table C-1 Borrow Area 9 Borrow Area [
Conhesive Szength 1500 pst 100 ps? 100 psf
Faiction Angle 0 16.7° 13.4°

We used Borrow Area H sturength paramneters for this SupT lemenizl analyvsis since they are more
conservarive. We also revised the strength of impounded :ailines for our analvsis. Impounded
tailings wer2 moczled without any shear strength ¢ consider consercan~ 2 limit canditons, Al

other pararerers. including the horizontal seismic coeffici2nt of 1.19¢. remained unchanwed.
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U.S. Energy 7664-RX

December 11. 1997
Page Two

The results of seismic stability analysis were unchanged from our previous report. The critcal
faliure surface indicates a shallow slide-plane which does not intersect either Zone 1 soil (dam
core) or impounded tailings. A copy of PCSTABL input, output, and plot files are contained in

Anachment B.

We are pleased 10 be of continued service to you on this project. Please feel free to call if you
have any quesdons.

Sincerely,

INBERG-MILLER ENGINEERS
Z w2l

?ﬁ/] /r L0

Glen M. Bobnick. P.E.
Geotechnical Engineer

GMB:jlw:gd\7664rx

Atnachment A: June 12, 1979 Woodward-Clyde Consultants Shear Strength Test Data
Amachment B: PCSTABL Input. Ouput, and Plot Files
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ATTACHMENT A
June 12, 1979 Woodward-Clyde Consultznts
Shear Strength Test Dara
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TRIAXIAL COMPRESSION TEST
PRL - SHOOTERING CANYON URANIUM PROJECT
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TRIAXIAL COMPRESSION TEST
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ATTACHMENT B
PCSTABL Input, Ouput, and Plot Files
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JULSREV. IN

PRCFIL C:JUL9REV.IN PCSTABL Version 5M
SECOTERING CANYON DAM SEISMIC STASILITY
33 7

181. 145. 4

[ )
. ,.J
NS
- U

181. 145. 211. 160. 2
211. 150. 214. 160. 2
214. 150. 353. 228. 2
353. 228. 440. 228. 2
44Q. 228. 455. 2156. 2
455. 216. 626. 216. 5
455. 215. 562. 167. 2
562. 157. 593. 173. 1
593. 173. 607. 163. 1
607. 155. 626. 17i. 4
360. 225. 377. 225. 3
377. 225. 406. 225. 1
406. 226. 415. 226. 3
415. 226. 498. 135. 3
438. 1356. S82. 167. 1
406. 225. 485, 134. 1
485. 154. 438. 136. 1
377. 226. 433, 14a. 3
350. 225. 392. 143. 2
181. 143, 184. 141. 4
184. 141. 180. 14%. 2
190. 141. 195. 144. 4
195, 144, 204. 144, 4
204. 144. 253. 140. 4
268. 140. 392. 143. 4
392. 145, 412, 142. 4
412. 142. 433. 142. &
433. 144, 437. 141. 4
437. 141, 43Z. 141. 4
4532, 142, 435. 145. 4
495 . 143. 607. 1653. 4
§07. 153. 625. 171. 4
scrI

5

123. 123. 430. 15.7 G. 0. 0
132, 132, 0. 49. 0. 0. 0
123 125, 0Q. 32.C¢. 0.0 -
123, 125, 1000. 43, C. 0. 0
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JULIRZV.IN

100. 100. 0. 0. 0. Q. Q

EQUAXZ

0.19 0. Q.

CIRCLZ-Janbu circular, search.
0

20 20

175. 225. 350. 400. 10. 25. 0. 0.

C:\Projects\2005-50\mgmt plan\TailsMgmtPlanAPPEND-A.pdf
December 2005



JULSREV.QUT

*% PCSTARABLSM **

by

Purdue Universzircs

0
o]
1]
)
r
H-
*—-J
A
cr
<
[
by
fu
‘J
~;
[17]
Jbe
"
]
i

-
Rum Date:

12-0
Time ¢ Run: 3:13pm

nput Dzta Filename: c 12REV.IN
Cuizut Filezzme C:JULSR=V.0OUT
Plczzed Quttut Filename: C:JUIIRITV.ELT
PROELEM DESCRIPTION  SHCCTERING CANYON DAM SETEMIC STASILITY

BCUNDARY CCOCRDINATES

7 Tor  Boundaries
33 Tctal Boundaries

Bcundary X-Lefc Y-Lafc X-Righr Y-Right Soil Tvoe
Ha. (£2) (Zz) (=) (£z) Balow Bnd

1 .00 145.00 121.00 143.00 a
2 181.00 143.00 211.00 153.00 2
3 211.00 150.00 214.02 150.00 2
1 214.00 150.00 333.09 238.30 2
3 353.00 223.00 412,03 233 .90 2
5 410.00 228.00 453.03 225.30 2
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A.3  Slope Stability Analysis Cross Valley Berm, Letter Report
by Inberg-Miller Engineers, June 14, 1999
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INBERG-MILLER ENGINEERS

124 EAST MAIN STREET RIVERTON, WYOMING 82501-4397 307-856-8136

May 2, 1997 7664-RX
Revised June 14, 1999

U.S. Energy Corporation
877 N. 8" West
Riverton, Wyoming 82501

ATTENTION: FRED CRAFT
RE: SLOPE STABILITY ANALYSIS

CROSS VALLEY BERM
SHOOTARING CANYON URANIUM PROJECT, UTAH

Dear Sir:

This letter summarizes the results of a slope stability analysis that we performed for the Cross
Valley Berm at the proposed Shootaring Canyon Uranium Project located in southeast Utah. A
summary of project background, basis for analysis, slope stability analysis results, and
recommendations for berm earthwork are presented herein.

BACKGROUND P

Inberg-Miller Engineers performed a slope stability analysis for the exjs{ing sedimentation dam :
at the Shootaring Canyon Uranium Project, the results of which are contained in our January 9, ‘
1997 letter report. You subsequently requested we also perform a slope stability analysis for an
existing cross valley berm located upgradient of the sedimentation dam. We understand the

cross valley berm is a temporary tailings impoundment which will ultimately be covered by

tailings as the pool elevation rises behind the sedimentation dam.

We understand the cross valley berm was installed in about 1981. You provided an April 17,
1997 topographic map of the berm, a subsequent updated topographic berm map dated March
18, 1999 typical berm cross section, and a copy of compaction test dated for soil which
comprises the berm. Based on information you provided, we understand the existing berm has

the following geometry at maximum berm height:

Crest Elevation: 4448

Upstream Toe Elevation: 4430

Downstream Toe Elevation: 4408

Upstream Slope: 3 horizontal: 1 vertical

Downstream Slope: Varies from 1.1: 1 at the toe to 3: 1 at the crest
Crest Width: 14 feet

Base Width: 145 feet

\

You indicated that the berm would be reworked to adjust the upstream and downstream slope to
a minimum of 1 horizontal to 1 vertical. You also indicated that the crest elevation would be
raised 10 feet. The downstream berm toe would remain at its current location to maintain an
existing drainage system. The crest and upstream berm toe would be relocated upstream of the y
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U.S. Energy Corporation 7664-RX
ATTENTION: FRED CRAFT

May 2, 1997, Revised June 14, 1999

Page Two

BACKGROUND, Continued
current position to accommodate the increase in crest elevation. Reworking the slopes would

involve removal of soil from the downstream slope and placement of fill on the upstream slope.
An illustration of proposed berm modifications is presented in Attachment A.

BASIS FOR ANALYSIS

The basis for slope stability analysis includes analytical method, soil parameters, groundwater
conditions, and seismic conditions. A discussion of each of these items follows.

Analvtical Method

Slope stability analysis was performed using the computer program PCSTABL. The slope was
analyzed using the Bishop and Janbu methods. The slope was modeled based on the proposed
geometry (e.g. 10-foot higher crest elevation and 2:1 outslopes). We assumed the tailings pool
is at the proposed crest elevation. Separate analyses were performed for static and seismic
conditions. Refer to our January 9, 1997 report for further discussion of the basis for slope

stability analysis.

Soil Parameters

According to information you provided, the berm is substantially comprised of compacted sand,
similar to the material described as Zone 3 - Fine Sand modeled in the sedimentation dam
analysis. We understand the sand was compacted to a minimum of 95% of the maximum
density determined in accordance with ASTM D698. The berm is founded on compacted ¢lay
subgrade which is the same soil described as Zone 1 — Silty Sandy Clayey Soil used in the
sedimentation dam analysis. Compacted clay is immediately underlain by native “rock
foundation” which is the same material modeled in the sedimentation dam analysis. A
topographic map and berm cross-section is presented in Attachment A. Based on the
topographic maps you provided, the berm slopes are actually steeper than indicated on the
cross-section. Actual slopes for the maximum section are described under the background
section above. Soil numbers assigned to each of the units identified above are as follows:

' Soil 1: Sand
Soil 2: Clay
Soil 3: Rock Foundation
Soil 4: Tailings

The soil properties used for sedimentation dam stability analysis as documented in our
January 9, 1997 letter report also apply to the cross valley berm except for Soil 1. You provided
Inberg-Miller Engineers with a sample of the sand representing Soil 1 and requested we perform
a direct shear test to determine strength parameters. The sample was tested based on remolding
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U.S. Energy Corporation 7664-RX
ATTENTION: FRED CRAFT

May 2, 1997, Revised June 14, 1999

Page Three

BASIS FOR ANALYSIS, Continued

Soil Parameters, Continued
specimens to 95% of the maximum dry density of 110.2 pounds per cubic foot as reported on
the compaction test date you provided. Direct shear test results of Soil 1 are presented in

Attachment B.

Engineering properties we used for this slope stability analysis are tabulated below.

1 Sand .

2 Clay 125.0 0 1,500
3 Rock Foundation 140.0 45 1,000
4 Tailings 100.0 10 0

Groundwater Conditions -

We understand that the impoundment will be lined with an HDPE liner, therefore, we have
assumed for the analysis that no phreatic surface will develop through the berm.

Seismic Conditions

The basis for seismic conditions is the same as described in our January 9, 1997 letter report. In
general, a horizontal seismic coefficient of 0.19g was used for this analysis.

RESULTS

Slope stability analysis that were performed using the Janbu method typically produced the
lowest safety factors. We calculated a minimum safety factor of 1.02 for seismic conditions and
1.56 under static conditions. A copy of our PCSTABL input files and plots of the critical failure
surfages for static and seismic conditions is presented in Attachment C. Filenames are
REMCVBEQ and REMCVB for seismic and static conditions, respectively.

RECOMMENDATIONS

You requested recommendations for fill placemen{ on the upstream slope face which will
provide soil conditions that would result in slope safety factors with at least the values estimated
above. We anticipate a portion of the fill on the upstream slope will originate from cut on the
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U.S. Energy Corporation 7664-RX
ATTENTION: FRED CRAFT

May 2, 1997, Revised June 14, 1999

Page Four

RECOMMENDATIONS, Continued
downstream slope and will consist of the Sand modeled as Soil 1. You indicated that other fill

soil may be collected from areas located in the proposed impoundment area. Other fill soil
could include clay, sand and rock. We recommend the following:

1) Separate fill soils as much as practical based on soil type and moisture condition.
Clay, sand, and rock should not be mixed together. Soils with a moisture content
over 3% plus or minus of optimum should also be kept separate to permit
moisture conditioning before placement as fill.

2) Remove loose soil, debris, and vegetation from the upstream face of the existing
berm. The exposed subgrade should be compacted to a minimum of 95% of the
maximum density determined in accordance with ASTM D698 (Standard
Proctor).

3) Sand excavated from the downstream slope should be classified by a qualified
geotechnical engineer to verify that it is consistent with Soil 1 modeled in our
analysis. If downstream soils are not consistent with Soil 1, we should be
contacted immediately to discuss other options.

4) _ Provided that sand excavated from the downstream face is consistent with Soil 1
and it has a moisture content within plus or minus 3% of the optimum moisture
content, it should be placed before other fill on the upstream slope. If moisture
content is outside the recommended range, it should be wetted and mixed, or
loosened and air dried, as applicable. Fill should be compacted to a minimum of
95% of the maximum density determined in accordance with ASTM D698
(Standard Proctor).

5) Fill other than Soil 1 needed to achieve a final upstream slope of 2:1 should be
approved by a geotechnical engineer. Fill which meets the requirements of
' Envelop A (See Attachment D) which is compacted as described in Item 4 above
may be suitable for use as fill subject to approval of the geotechnical engineer.
Fill not meeting Envelope A requirements may have properties not consistent
with those used for our slope stability analysis. Fill requirements for non-
Envelope A soil should be established on a case-by-case basis by a geotechnical
engineer as sources are identified and'classified. Coarse soil such as gravel,
cobbles and boulders may be subject to placement at the slope toe and protection
from infiltration into voids by finer-grained overlying soil by enclosing within
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U.S. Energy Corporation 7664-RX
ATTENTION: FRED CRAFT

May 2, 1997, Revised June 14, 1999

Page Five

RECOMMENDATIONS, Continued
filter fabric. For fine soil, such as silts and clays, it may not be practical to

achieve high enough strength to provide a stable slope at 2:1. If fine soil fill is
proposed, we recommend that strength testing be performed to verify whether or
not it has sufficient strength to be used on the proposed slope.

Please feel free to call if you have any questions. We are pleased to be of continued service to i
you on this project.

Sincerely,

INBERG-MILLER ENGINEERS

1] . A

Glen M. Bobnick, P.E.
Geotechnical Engineer i
: !

GMB:jlw:client letters\7664-RX-summary letter
Enclosures:  Attachment A -  Typical Berm Plan and Cross-Sections

Attachment B -  Laboratory Test Results
Attachment C -  PCSTABL Input and Critical Section Plots

[ ———
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Attachment A ’
Typical Berm Cross-Section N
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PLATEAU RESOURCES LIMITED
SHOOTARING CANYON URANIUM MILL
GARFIELD COUNTY, UTAH

-\ EXISTING CROSS VALLEY BERM
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Attachment B
Laboratory Test Results
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PROJECT: Shootering Canyon Dam " CLIENT: U.S. Energy Corporation

Shear Stress Versus Normal Stress
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PROJECT: Shootering Canyon Dam CLIENT: U.S. Energy Corporati
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Attachment C
PCSTABL Input and Critical Section Plots
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PROFIL C:REMCVBEQ.IN PCSTABL Version 6

SHOOTERING CANYON CROSS VALLEY BERM STARILITY AN
SIS

15 8 |

0. 126. 129. 125. 3
129, 126. 151. 135. 2
151. 135. 158. 135. 2
158. 135. 166. 130. 2
166. 130. 176. 130. 2
176. 130. 275. 180. 1
275. 180. 289. 180. 1
289. 180. 400. 180. 4
289. 180. 390. 130. 1
176. 130. 390. 130. 2
390. 130. 400. 130. 2
129. 126. 158. 126. 3
158. 126. 274. 114. 3
274. 114. 368. 119. 3
368. 119. 400. 119. 3
SOIL

4

115. 115. 0. 8. 0. 0. 0
125. 125. 1500. 0. 0. 0. O " ~
140. 140. 1000. 45. 0. 0. 0

100. 100. 0. 10. 0. 0. O

EQUAXE

0.15 0. 0.

CIRCQE-Janbu circular, search.
20 20

150. 200. 230. 280. 0. 15. 0. 0.

Page 1
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PROFIL C:REMCVB.IN PCSTABL Version 6

SHOOTERING CANYON

SIS
15 8
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Attachment D
Envelope A
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A.4  Deformation Analysis, Letter Report
by Inberg-Miller Engineers, January 28, 1999
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INBERG-MILLER ENGINEERS

124 EAST MAIN STREET RIVERTON. WYOMING 82501-4397 307-856-8136

January 28, 1999 7664-RX

U.S. Energy Corporation
877 N. 8" West
Riverton, Wyoming 82501

ATTENTION: FRED CRAFT

RE: NEWMARK ANALYSIS
SHOOTARING CANYON DAM (UT00417)

Dear Sir;

This letter summarizes the results of a deformation analysis that we performed for the above
referenced project pursuant to the July 1, 1998 letter of review comments by the State of Utah..
We understand that an evaluation of seismic deformation based on a magnitude 6.5 earthquake
with a peak ground acceleration of 0.33g is required. These services are in addition to previous
slope stability analyses that we performed for the above project.

SUMMARY OF APPROACH
The deformation analysis method is described in the following reference:

N.M. Newmark, 1965, “Effects of Earthquakes on Dams and Embankments”
Geotechnique, Vol. 15, Issue 2, pp. 139-160

We understand that the deformation analysis estimates ground displacement due to seismic
forces. The above reference suggests methodology for evaluating cumulative displacement and
resultant deformation of sloping soils exposed to repetitive forces, as in the case of an earth dam

experiencing seismic shaking.
Displacement is estimated according to the following equation:

(VH(2gNY)) x (AN)
where:

V = velocity of ground motion
g = acceleration due to gravity
N = ((tan ¢/tan 8) = 1) sin

¢ = Internal soil friction angle

6 = Embankment slope angle
A = Percent of peak acceleration of ground motion

We are able to readily establish the basis for all of the above parameters except velocity.
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U.S. Energy Corporation 7664-RX
January 28, 1999 .
Page Two )

GROUND MOTION VELOCITY

Velocity of ground motion for the subject site is apparently not available. We spoke with
Robert Smith of the University of Utah-Geology Department and Dave Perkins of the U.S.
Geological Survey, and neither were aware of any recordings of strong ground motion within an
applicable distance of the project site where velocity could' be determined. Based on
information provided in the above referenced publication (Newmark, 1965), velocities between
8.3 and 13.7 in/sec were recorded in Pacific Coast states.

In order to establish the basis for an appropriate velocity, we reviewed the following document:

David J. Leeds, 1992, “Recommended Accelerograms for Earthquake Ground Motions”,
Miscellaneous Paper S-73-1, Report 28, prepared for Department of the drmy

The above document provides recommended ground motion velocity based on the parameters of
earthquake magnitude, distance from the epicenter, focal depth, and whether the site is hard or

soft.

As a basis for evaluating parameters for the subject site, we referenced the following map:

“Earthquakes in Utah, 1889-1985", United States Geological Survey — National
Earthquake Informarion Center, 1990

According to the above map, the closest epicenter to the site for the range of earthquake
magnitudes in Utah are listed below:

Mag 6.0 165 km
Mag 4.9 34 km
Mag 3.9 6 km

The map indicates that focal depth for all earthquake data is less than 25 km. Based on our
knowledge of site geology, the site is underlain by sedimentary bedrock that meets the

definition of a “hard site”.

For the purpose of establishing a conservative velocity for use in analysis, we utilized the
following parameters in conjunction with Figure 20c of “Recommended Accelerograms for

Earthquake Ground Motions™ (see attached):

Earthquake Magnitude 6.5
Distance to Epicenter 10 km
Focal Depth <19 km
Site Conditions Hard
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U.S. Energy Corporation 7664-RX
January 28, 1999
Page Three

Accordingly, a velocity of 50 cm/sec (20 in/sec) for mean velocity plus one standard deviation
appears conservative and appropriate.

DEFORMATION ANALYSIS RESULTS

Values used for each parameter for deformation analysis are summarized as follows:

V =20 in/sec )
g = 386.4 in/sec” (32.2 fi/sec”)
N =030

b = 40° (as previously established for this site)

B =26.6° (for 2 H: 1V dam face)
A =0.33 (per the attached USGS Peak Acceleration Map)

We calculate a displacement of 1.9 inches based on the above parameters and references. In our
opimion, the displacement as indicated does not appear significant to the Integrity and

performance of the subject dam.
Please feel free to call if you have any questions. @

Sincerely,

INBERG-MILLER ENGINEERS

L Abu e
Glen M. Bobnick, P.E.
Geotechnical Engineer .

GMB:jlw:geotech\7664-RX

Enclosures as stated
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A5  Newmark Analysis, Letter Report
by Inberg-Miller Engineers, June 14, 1999
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INBERG-MILLER ENGINEERS

124 EAST MAIN STREET RIVERTON, WYOMING B2501-4397 307-856-8136

June 14, 1999 7664-RX

U.S. Energy Corporation
877 N. 8™ West
Riverton, Wyoming 82501

B
o=F
'

ATTENTION: FRED CRAFT
RE: NEWMARK ANALYSIS

CROSS VALLEY BERM
SHOOTARING CANYON URANIUM PROJECT, UTAH

Dear Sir:

This letter summarizes the results of a deformation analysis that we performed for the above
referenced project pursuant to your request. We understand that an evaluation of seismic
deformation based on a magnitude 6.5 earthquake with a peak ground acceleration of 0.33g is
required. These services are in addition to previous slope stability analyses that we performed

for the above project.

SUMMARY OF APPROACH

-

The deformation analysis method is described in the following reference:

N.M. Newmark, 1965, “Effects of Earthquakes on Dams and Embankn‘lents”
Geotechnique, Vol. 15, Issue 2, pp. 139-160

We understand that the deformation analysis estimates ground displacement due to seismic
forces. The above reference suggests methodology for evaluating cumulative displacement and
resultant deformation of sloping soils exposed to repetitive forces, as in the case of an earth dam

experiencing seismic shaking.

Displacement is estimated according to the following equation:

| (VZ/(2gN)) x (A/N)

where:

V = velocity of ground motion
g = acceleration due to gravity
N = ((tan ¢/tan 8) — 1) sin B

¢ = Internal soil friction angle

© = Embankment slope angle .
A = Percent of peak acceleration of ground motion

We are able to readily establish the basis for all of the above parameters except velocity. ¥y
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U.S. Energy Corporation 7664-RX
ATTENTION: FRED CRAFT

June 14, 1999

Page Two

GROUND MOTION VELOCITY

Velocity of ground motion for the subject site is apparently not available. We spoke with
Robert Smith of the University of Utah-Geology Department and Dave Perkins of the U.S.
Geological Survey, and neither were aware of any recordings of strong ground motion within an
applicable distance of the project site where velocity could be determined. Based on
information provided in the above referenced publication (Newmark, 1965), velocities between
8.3 and 13.7 in/sec were recorded in Pacific Coast states.

In order to establish the basis for an appropriate velocity, we reviewed the following document:

David J. Leeds, 1992, “Recommended Accelerograms for Earthquake Ground Motions”,
Miscellaneous Paper S-73-1, Report 268, prepared for Department of the Army

The above document provides recommended ground motion velocity based on the parameters of
earthquake magnitude, distance from the epicenter, focal depth, and whether the site is hard or

soft.

-

As a basis for evaluating parameters for the subject site, we referenced the following map:

“Earthquakes in Utah, 1889-1985”, United States Geological Survey — National
Earthquake Information Center, 1990

According to the above map, the closest epicenter to the site for the range of earthquake
magnitudes in Utah are listed below:

Mag 6.0 165 km
Mag 4.9 34 km
Mag 3.9 6 km

The map indicates that focal depth for all earthquake data is less than 25 km. Based on our
knowledge of site geology, the site is underlain by sedimentary bedrock that meets the

definition of a “hard site”.

For the purpose of establishing a conservative velocity for use in analysis, we utilized the
following parameters in conjunction with Figure 20c of “Recommended Accelerograms for
Earthquake Ground Motions” (see attached):

\

Earthquake Magnitude 6.5
Distance to Epicenter 10 km
Focal Depth <19 km
Site Conditions Hard
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U.S. Energy Corporation 7664-RX
ATTENTION: FRED CRAFT

June 14, 1999

Page Three

Accordingly, a velocity of 50 cm/sec (20 in/sec) for mean velocity plus one standard deviation
appears conservative and appropriate.

DEFORMATION ANALYSIS RESULTS

Values used for each parameter for deformation analysis are summarized as follows:

V =20 in/sec
g = 386.4 in/sec’ (32.2 fi/sec?)
N =0.25

o = 38° (as previously established for this site)

0 = 26.6° (for 2 H: 1V dam face)
A =0.33 (per the attached USGS Peak Acceleration Map)

We calculate a displacement of 2.7 inches based on the above parameters and references. In our
opinion, the displacement as indicated does not appear significant to the integrity and
performance of the subject dam.

o

Please feel free to call if you have any questions.
Sincerely,

INBERG-MILLER ENGINEERS

Glen M. Bobnick, P.E.

Geotechnical Engineer

GMB:jlw:client letters\7664-RX

Enclosures as stated
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A.6  Tailings Dam Stability Approval Letter
from State of Utah
Department of Natural Resources Division of Water Rights,
State Engineer, March 8, 1999
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FRY | DU sAYN ot N vt
&I }, DEPARTMENT OF NATURAL RESOURCES

DIVISION OF WATER RIGHTS

Mich:el O Leavitt

Governor 1584 West North Temple, Suite 220

Ted Stewart Box 146309
Executive Director [ Salt Lake City, Utah B4114-8300 e
Robert L Morgan 801-538-7240 R :‘t! VED HAR 1 I 7939

State Engineer 801-538-7467 (Fax)

March 8, 1999

F.R. Craft

Plateau Resources L'TD.

877 North 8th West

Riverton, WY 82501

Re:  Shootaring Canyon Mill Tailings Dam/UT00417 - Stability Analysis

We have completed our review of the information submitted with your letter of June March 4,
1998. Based on our review, we find the explanations and analyses to be acceptable, and the

Shootaring Canyon Mill Tailings Dam meets the stability criteria adopted by this office.

If you have any questions concerning the preceding information, please feel free to contact
Richard Hall, (801) 538-7373 of our Dam Safety Section.

Sincerely,

', Robert L. Morgan, P.E.
// State Engineer

RLM/rbh/jm

pc:  Mark Page - Regional Engineer
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A.7  Ultimate Dam Stage Seismic Stability Analysis, Letter Report
by Inberg-Miller Engineers, January 11, 2007
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PINBERG-MILLER ENGINEERS

QuaLity SoLunons THROUGH TEAMWORK

January 11, 2007 T6064-RX

Mr. Fred Craft JAN 16 2
U. 5. Energy Corporation '
8§77 North 8" West

Riverton, WY 82501

RE:  SEISMIC STABILITY ANALYSIS RESULTS
SHOOTARING CANYON DAM — ULTIMATE STAGE
GARFIELD COUNTY, UTAH

Dear Mr. Craft:

This letter summarizes the results of our seismic stability analysis performed for the Ultimate Stage of the
Shootaring Canyon Dam located in Garfield County, Utah. The work described in this letter has been
performed per Amendment No. 4 dated January 3, 2007 of our Service Agreement and Appendix A dated
Nowvember 21, 1996,

BACKGROUND

We understand that Stage I of the Shootaring Canyon Dam was completed in 1982 and consists of a
zoned earthen dam constructed to impound uranium mill tailings. Inberg-Miller Engineers performed a
slope stability analysis for the existing dam configuration, the results of which are contained in our
January 9, 1997 letter report. We understand that construction of the Ultimate Stage of the tailings dam
will include modifications to the existing dam to increase overall capacity. These modifications include:

1. Placing a buttress on the upstream face of the dam to flatten the slope from 2:1 (H:V) to
3:1 (H:V).
2, Raising the dam crest elevation approximately 30 feet.

3. Using “PASTE” technology to place tailings behind the dam at a 5:1 (H:V) slope
extending above the raised dam crest elevation approximately 25 feet.

SOIL PARAMETERS

The dam is comprised of three zones, which are described in our January 9, 1997 letter report. For the
stability analysis, the interior zones (Zones 1 and 3) were extended to the proposed Ultimate Stage dam
crest elevation. A summary of the engineering properties used for the slope stability analysis is tabulated
below.

Soil No Description Moist Unit Cohesion Friction
: Weight (pcf) (psf) | Angle ($°)
1 Zone 1 — Silty, Sandy, Clay 125 1,500 0
2 Zone 2 — Boulders, Cobbles, Gravels, Sand 131 0 40
3 Zone 3 — Fine Sand 125 0 32
4 Rock Foundation 140 1,000 45
5 Tailings 100 0 10
124 East Main Straet 1120 Easi “C" Sinesd 350 Parshey Bowavard 42E Akan Road E30 Wilkes Drive, Safe 13
Riverian, WY 2801 Caspar, WY 32601 Cheyanna, WY 82007 Porarall, WY §2435 Green River, WY 82035
S07-856-E114 T-5TT-0606 WT-EI6-GEXY WT-TEETIT HT-A75-430
B0T-256-3851 [Racx) 2T AT 4400 (x| 7352713 (fax) A07-T54-TERH [Eax) FOT-BTE4295 (ax)
riverionZinberg-milisr.com caspendinberg-miler com cheyenneiiinbeng-millesnomm powellifmberg-milercom graansiveriinbeng-miller.com
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Mr. Fred Craft 7T664-RX

U.5. Energy Corporation
January 11, 2007
Page 2

GROUNDWATER CONDITIONS

We understand that the impoundment will be lined with an impermeable HDPE liner. Consequently, the
analysis assumed that no phreatic surface will develop through the earthen dam.

SEISMI NDITIONS

A horizontal seismic coefficient of 0.19g was used for the stability analysis. The basis for seismic
conditions is the same as described in our January 9, 1997 letter report.

ANALYSIS RESULTS

Slope stability analysis was performed for the proposed Ultimate Stage dam configuration using the
computer program “SLOPE/W”. Based on the design parameters described above, a calculated minimum
safety factor of 1.18 was determined using the Janbu method. The critical failure surface is characterized
as an “infinite slope failure” which is planar and parallel to the downstream slope face. This failure type
was also determined for the original Stage I slope stability analysis using the same downstream slope of
2:1 (H:V). Consequently, the calculated factor of safety of 1.18 is comparable to the Stage I safety factor
of 1.14 presented in our January 9, 1997 letter report. Results of the Ultimate Stage Slope Stability
Analysis are attached.

CLOSURE

We appreciate participating in your project. Please call at (307) 856-8136 if you have any questions
regarding the services performed.

Sincerely,

INBERG-MILLER ENGINEERS REVIEWED BY:
Travis E. Guthrie, E.LT. Glen M. Bobnick, P.E.
Geotechnical Engineer Geotechnical Engineer

TEG:GMB:bjh\7664 stability Itr
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Client: U.S. Energy Corporation Tailings Zone 2
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APPENDIX B

DRAINAGE FILTER ANALYSIS
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APPENDIX B
Drainage Filter Analysis
B.0  Introduction

A three-layer drainage filter will be installed in the tailings cells as a primary component
of the drainage collection system. This drainage filter will protect the HDPE liner and
serve as a means of conveying drainage from the tailings to a collection pipe for eventual
discharge to a collection sump. The properties of the drainage filter layers are specified
to provide both the necessary filtration and conveyance functions.

B.1  Drainage Filter Configuration

The planned drainage system includes a perforated pipe network that is installed within a
three-layer drainage blanket that will be installed over the pond base. The bottom layer
of the drainage blanket will consist of six (6) inches of Entrada sand. One of the primary
purposes of this bottom Entrada sand layer is to protect the upper HDPE liner from
puncture by stones within the middle layer which will consist of a six (6) in thick sand
and gravel material produced from the quarry area. The uppermost drainage blanket
layer will consist of six (6) inches of Entrada sand. In addition to providing a protective
layer for the HDPE liner, the use of two distinct materials has the advantage of providing
a more robust drainage blanket. The sand and gravel material from the quarry area is
generally slightly coarser and should have a somewhat greater permeability, and the
presence of the upper Entrada sand layer should prevent intrusion of tailings fines into the
coarser middle layer. The use of two materials with differing mineralogy also reduces
the potential for degradation of the entire drainage blanket by an adverse geochemical
process.

The two major functions of the three layer drainage blanket are:

To convey tailings solution to the drainage pipe network or directly to the sump
and thereby prevent the accumulation of excess head over the HDPE liner.

To prevent excessive intrusion of the tailings into the drainage blanket or piping
system. Intrusion of fines into the blanket could eventually result in plugging of
the blanket and drain system.

Underground drainage system filter/envelope design criteria were used in evaluating the
suitability of the proposed materials. These criteria are presented in “Drainage of
Agricultural Land” which is published by the Water Information Center Inc. The
criterion which limits the fine fraction to no more than 10% passing a No. 60 sieve is
waived because a geotextile wrapped gravel envelope or fabric sock will be used to
restrict movement of fines into the piping system. Chapter 26 (“Gradation Design of

B-1
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Sand and Gravel Filters”) of the USDA-NRCS National Engineering Handbook also
presents relevant design criteria that were considered in the evaluation of the proposed
filter materials.

B.2 Entrada Sand and Possible Tailings Properties

Sieve analysis was conducted on two Entrada sand samples during evaluation of the
existing tailings facility. The results of this analysis are presented in Figure B-1 along
with gradations for three tailings samples. Entrada sand is a very uniform fine sand with
only a very small silt and clay fraction. In contrast, the gradation of uranium tailings can
range from a slime with more than 85% passing the #200 screen, to a medium to coarse
sand with a relatively small fines fraction. The coarsest of the tailings samples in Figure
B-1 was taken from the existing tailings at the Shootaring site. The other two samples
were taken from a uranium tailings facility in central Wyoming. The three tailings
samples generally span the expected range of tailings gradations.

The Entrada sand will be used as the lower and upper layers of the drainage filter system.
Because the Entrada sand is free of stones and other debris, this lower layer will serve to
guard the upper HDPE liner. The upper drainage layer of Entrada sand should be very
effective in preventing the intrusion of tailings into the drainage layer.

From the standpoint of penetration of fines into the drainage layer and piping collection
system, the critical tailings material is fine-grained slime tailings. Entrada sand is very
uniform and there is no concern for a gap-graded material, so the applicable filter
criterion is related to the maximum D5 of the Entrada sand. According to the criteria
described in Chapter 26 of the USDA-NRCS National Engineering Handbook for a fine
silt and clay base soil, the maximum D5 of the filter is less than or equal to 9 x dgs of the
slime tailings base soil. Based on the gradations presented in Figure B-1, the D;5 of the
Entrada sand is suitable for tailings with a dgs as small as 0.01 mm. The minimum Djs is
a function of the desired permeability of the filter material. Harr (1962) lists typical
permeabilities of fine sand ranging from 0.001 to 0.05 cm/sec. Because the gradation of
Entrada sand is very uniform, the permeability is likely 0.01 cm/sec or greater and is
assumed to be approximately 0.05 cm/sec. Therefore, the properties of Entrada sand
represent a reasonable compromise between filtration of fine tailings and the conveyance
of drainage to the collection system.

B.3  Sand and Gravel Filter Properties

The middle layer of the drainage filter will consist of a processed material from the rocky
soil in the quarry area near the mill site. There are large stones present in this rocky soil
so the processing will necessarily include screening to remove stones larger than
approximately three (3) inches in diameter. Because there will be a protective Entrada
sand layer between the sand and gravel filter and the synthetic liners, the presence of
coarse gravel-sized stones is acceptable. However, the size of the individual stones in the
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sand and gravel filter will be limited to approximately three (3) inches to facilitate
placement within a six (6) inch thick layer. There will also be a layer of Entrada sand
above the sand and gravel filter, so there is no concern for penetration of tailings into the
sand and gravel filter. The primary function of the sand and gravel filter is to provide
lateral and vertical conveyance of the drainage from the tailings to the drainage collection
system.

Figure B-2 presents a comparison of the Entrada sand gradation with three gradations of
potential sand and gravel filters. The Quarry Fines sample was taken as the less than Y2
inch fraction from the QU3 sample taken during a 2002 evaluation of the site. This
gradation is generally coarser than the Entrada sand, and represents the finest material
that would be considered for the sand and gravel filter. The Screened Rocky Soil
gradation was generated by a virtual recombining of the Quarry Fines with the material
between %2 inch and 3.25 inches from the original QU3 sample. This reflects the
expected product that will result from a single screening operation the removes the larger
than 3 inch fraction. The third sand and filter gradation (Double Screened Rocky Soil)
represents the expected product when the quarry material is processed through a double
screen to remove the larger than 3 inch fraction and a significant portion of the smaller
than % inch fraction. Since it is not necessary to remove all fines from sand and gravel
filter, and the presence of some fine to coarse sand is desirable, it was assumed that the
screening operation would be operated at a feed rate that resulted in the removal of 70%
by weight of the less than ¥ inch fraction.

The gradations for the Screened Rocky Soil and Double Screened Rocky Soil represent
the target range for the sand and gravel filter. This material is significantly coarser than
the Entrada sand, which should result in a greater permeability. However, the presence
of even a very small sand fraction within the screened quarry material will keep the
Dis/dgs ratio generally in the range of 0.8 to 5. Significant intrusion of the Entrada sand
into the sand and gravel filter is unlikely, but minor intrusion at the interface to the
internal filter layer will not adversely affect the filter system performance. Depending on
the processing operations, the proposed sand and gravel filter may be slightly gap-graded.
However, it is the internal layer in a three layer filter system, and will be placed at a
thickness of approximately six (6) inches, which should allow easy detection and
correction of placement operations that result in segregation or other adverse placement
conditions.

It would be possible to eliminate any gap grading from the sand and gravel filter by more
aggressive screening to remove sand, silt and clay from the quarry area rocky soil.

Figure B-3 presents a possible gradation for such a highly processed material. This
material is generally less desirable as a sand and gravel filter material because the
differential in size when compared with Entrada sand is so great that the intrusion of
Entrada sand into the middle filter layer will be dramatic. If the Entrada sand does
dramatically intrude into the gravel filter layer, the resulting filter system would likely be
less permeable than the situation where the separation of the layers is maintained.
However, the gradation shown in Figure B-3 does indicate that it may be possible to
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produce a gravel material for the collection sumps with additional processing of the
quarry area material.

The conveyance capacity of the drainage layer will be a composite of the conveyance
capacities of the Entrada sand and sand and gravel layers. With a gradation that falls in
the range of the Screened Rocky Soil and Double Screened Rocky Soil shown in Figure
B-2, the hydraulic conductivity of the sand and gravel layer is expected to be
approximately 0.5 cm/sec or greater (estimated from a tabulation in Harr (1962)).
Considering only the 12 inches of material directly above the liner, and estimating the
hydraulic conductivity of the Entrada sand at 0.05 cm/sec, the composite hydraulic
conductivity of the lower 12 inches of granular material is approximately 0.28 cm/sec.

B.4  Discussion

The combination of Entrada sand and a processed rocky soil material for a three layer
filter results in a drainage filter system that should meet all performance objectives. The
Entrada sand upper and lower filter layers will: prevent intrusion of tailings into the
drainage collection system, guard the HDPE liner, and provide sufficient permeability to
convey drainage to the collection system. The screened sand and gravel filter adds:
enhanced permeability to rapidly convey drainage to the collection system, and multiple
materials in the filter system to avoid compromising the entire system in the event of
unforeseen chemical or physical degradation of a particular material.
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APPENDIX C
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1.0 SCOPE OF QUALITY PLAN

The Quality Plan for the Tailings Impoundment Liner construction hereinafter referred to as the
Quality Plan describes the implementation of the Construction Quality Control/Quality
Assurance (QC/QA) methods and procedures. The Quality Plan shall be comprised of the
following:

e Surveys, Inspections, Sampling and Testing
e Changes and Corrective Actions

e Documentation Requirements

e Construction Verification Program

e Quality Control Procedures

2.0 QUALITY PLAN OBJECTIVES

The main objectives of the Quality Plan for this project are to effectively control the quality of
work performed, to verify that any and all construction activities are performed in accordance
with the Plans and Specifications and to provide cross checks and audits to assure proper
implementation of the quality control activities. Proper implementation of these objectives will
provide detailed documentation of the project and assure that construction activities have been
truly performed as specified in the Plans and Specifications.

3.0 DEFINITIONS

Compliance Report: A report prepared by the Quality Control Officer upon completion of a
Construction Segment. Any subsequent Construction Segment that is dependent upon successful
completion of a specific Construction Segment cannot not be initiated until a Compliance Report
is prepared and approved for the previous dependent Construction Segment. The Compliance
Report requires approval by the Design Engineer and the Site Manager. Compliance Reports are
to be completed on Form No. PR-20.

Construction Task: A feature of the Construction Project involving a specific construction
activity.

Construction Segment: An essential construction component consisting of one or more
Construction Tasks of the Project. Upon completion of a Construction Segment, a Compliance
Report is required to verify that this project component was constructed in accordance with the
Final Plans and Specifications.

Construction Project: The total authorized/approved project, as defined in the Plans and
Specifications, that requires several Construction Segments to complete.

Design Change: Any change made in the Construction Project that alters or changes the intent
of the Plans and Specifications. Design changes require approval from the Design Engineer

C:\ed\projects\2007-50\TMP\TEXT\AppC-07.doc
April 2007



and the Site Manager or his designated representative. Design Changes are to be reported on
Form No. PR-22.

Field Change: Changes made during construction to fit field conditions that do not alter the
intent of the Final Plans and Specifications. Field changes require approval from the Site
Manager or his designated representative. Field changes are to be reported on Form No. PR-21.

Final Construction Report: A report prepared by the Design Engineer or his designated
representative upon completion of the construction project. This report shall contain “as-built”
drawings, material tests, summaries, Compliance Reports and photographs of the construction
activities associated with the Construction Project.

Quality Assurance: A planned system of activities and audits that establishes and exercises
control over the reliability of any data produced, in terms of precision, accuracy, completeness
and comparability.
Quality Control: A planned system of activities, tests and inspections by the designated Quality
Control Officer or representative(s), used to directly monitor and control the quality of
construction activities set forth in the Plans and Specifications.
4.0 QUALITY CONTROL/QUALITY ASSURANCE

4.1 Methodology

4.1.1 Flow of Activities

Figure 1 illustrates the general relationship between Quality Control and Quality Assurance
activities and construction elements for any given project. The Quality Control activities,
implemented with standardized Quality Control procedures provide the necessary tests and
observations for construction monitoring and sampling. Quality Assurance audits and data
validation will provide independent oversight of the Quality Control activities.

4.1.2 Compliance Reports

The Quality Plan requires a Compliance Report to be submitted upon the successful
completion of a Construction Segment. The Construction Tasks that make up any
Construction Segment shall be determined to be in compliance with the Plans and
Specifications by the Quality Control Officer (hereinafter referred to as QC Officer). A
Compliance Report along with all applicable support data will be prepared by the QC
Officer and submitted to the Design Engineer and the Site Manager for approval before the
next phase of construction can begin.

Upon completion of the Construction Project, a Final Construction Report shall be prepared
by the Design Engineer or his designee for submittal to the proper Regulatory Agencies.
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FIGURE 1 - TYPICAL FLOW CHART for CONSTRUCTION QUALITY CONTROL and ASSURANCE

Start Construction End Construction
Project Project

CONSTRUCTION PROJECT

Construction
Tasks

QC

Construction
Tasks

QA

QC

Construction
Tasks

Construction
Segment |

QA

QC

Construction
Tasks

Construction
Segment I

QA

QC

Compliance
Report

Construction
Segment 111

QA

Compliance
Report

Construction
Segment IV

Compliance
Report

Compliance
Report

FINAL CONSTRUCTION REPORT
3

C:\ed\projects\2007-50\TMP\TEXT\AppC-07.doc
April 2007



4.2 Quality Control

4.2.1 General

Quality Control (QC) will be conducted under the direction of the QC Officer or his
designee. The QC Officer will implement and administer the QC Program. The QC Officer

may be an employee of the company or a Consultant, providing all qualifications are met.

4.2.2 Duties of the Quality Control Officer

The Quality Control Officer shall be responsible for the overall implementation and
management of the Quality Control Program. He shall supervise field and laboratory
Quality Control Technicians and control documentation of construction, quality control and
quality assurance activities. He shall have specific authority and responsibility to reject any
work or materials, to stop work, to require removal or replacement of unsatisfactory
workmanship or materials, to specify and require appropriate corrective action if it is
determined that the personnel, instructions, controls, tests or records are not in conformance
to the Quality Control Program. The Quality Control Officer’s signature shall be required
on all Compliance Reports, inspections and tests.

The Quality Control Officer shall be familiar with the existing facilities and acceptable
Quality Control/Quality Assurance methodologies. As Quality Control Officer, his
responsibilities shall include the following:

e Conduct inspections and quality control testing to verify and document
compliance with the Plans and Specifications.

e Must be familiar with all documents, requirements, equipment, and procedures
relating to the project construction.

e Provide and document Quality Control Technician training.

e Prepare Compliance Reports.

e Arrange consultation with staff, the QA Officer, Site Manager, and/or Design
Engineer to resolve problems or needs in order to keep the project running
smoothly and on track.

e Identify invalid, unacceptable or unusable data.

e Take corrective action if Quality Control inspections and testing indicate that
construction is not meeting the Plans and Specifications.

e Assure all documentation is complete, accurate and up-to-date.

e Interact and cooperate with construction and QA personnel.

4.2.3 Quality Control Technicians

The QC Technicians shall be classified as follows:

e Field Technicians
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e Laboratory Technicians

Quality Control Technicians may be qualified for and perform the duties required for field,
laboratory or both upon approval of the QC Officer.

The QC Officer shall supervise or appoint a supervisor for each classification to provide
scheduling, to verify equipment calibrations and to assure documentation of the field
observations and laboratory tests. The number of technicians in each classification will
depend on project needs as the work progresses. The Quality Control Technicians shall
satisfactorily complete a training program or demonstrate knowledge of construction testing
and receive on-the job training as required under the direction of the QC Officer.

4.2.4 Quality Control Activities

Quality Control activities are presented in Section 7 of the Quality Plan. A verification
program will assure that the construction activities are inspected and documented in a
logical organized manner so that any or all data and results are easily retrievable.

The Quality Control activities will be implemented with standardized Quality Control
Procedures. These Quality Control Procedures include field sampling, testing, laboratory
testing procedures, observation and monitoring procedures. The Quality Control Procedures
are included in the Quality Plan.

4.3 Quality Assurance

4.3.1 General

The effectiveness of the QC program will be verified by the Quality Assurance Officer
(hereinafter referred to as the QA Officer) by means of internal audits on the sampling and
testing equipment, calculations, documentation and personnel qualifications.

The QA Officer shall review all areas of deficiency identified within the QC activities and
the subsequent corrective actions taken. QA audit reports will be prepared by the QA

Officer and submitted to the Design Engineer. These audit reports will be kept in the
project files and made available for review.

4.3.2 Duties of the Quality Assurance Officer

The Quality Assurance Officer shall implement the Quality Assurance functions that include
pre-qualification of QC personnel, verification of test procedures and results, equipment
checks and review calculations, documentation and Compliance Reports. The QA Officer
will be appointed by the Design Engineer. Responsibilities of the QA Officer will include
the following:
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e  Be familiar with all documents, requirements, equipment and procedures relating
to the project.

e Certify that the QC Officer is qualified to conduct the various test and
monitoring procedures and observations.

e Review calculations and documentation of all Quality Control testing and
determine reliability of data produced in terms of precision, accuracy,
completeness, and comparability.

e Shall conduct thorough spot checks, re-tests, equipment checks and review of
calculations and documentation. Verify that testing procedures, monitoring and
observations are being performed correctly and accurately in accordance with the
Specifications.

e Consult with QC Officer, Site Manager and Design Engineer to resolve any
problems or deficiencies that arise.

e Prepare QA audit reports for review by the Design Engineer.

5.0 CHANGES AND CORRECTIVE ACTIONS
5.1 Scope
This section deals with methods or means of changes and corrective actions.
5.2 Authority of Personnel
The Site Manager, Design Engineer and/or the Quality Control Officer has the authority to
reject material or work, to require removal or replacement, to specify and require
appropriate actions if it is determined that the Quality Control/Quality Assurance,
personnel, instructions, controls, test, records are not conforming to the Specifications.

5.3 Methodology

5.3.1 Field and Design Changes

Any changes in locations or alignments of construction features that do not alter design
features or concepts shall be approved by the Design Engineer or his designated
representative. These changes will require a Field Change Order (Form PR-21).

Should a change in design be necessary, (any change that alters or changes the intent of the
Plans and Specifications) approval from the Design Engineer and Site Manager shall be
required. These changes will be documented on a Design Change Order (Form PR-22).

All changes will be recorded in the Final Construction Report including the “as-built”
drawings of the project.
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6.0

5.3.2 Nonconformance and Corrective Actions

Nonconformances will be identified and verified by the QC Officer or his designee. The
Construction Task or Segment shall stop work until specific corrective action is performed
to alleviate the problem(s) that has evolved. The QA Officer or other qualified person can
and may be contacted as needed to identify the importance of the nonconformance and issue
the necessary corrective action to be taken if required.

The designated corrective action will be implemented before additional related work is
permitted. The QC Officer will verify the corrective action appropriate by measurements,
tests and/or other permanent documentation.

DOCUMENTATION
6.1 Scope
Documentation requirements shall include the following:

e ldentify the person who has authority to provide for the submittal and/or storage
of all survey, test and inspection reports.

e Shall provide a description of record keeping to document construction methods
and results, surveys, sampling, testing and inspection of the project.

6.2 Document Control

Sampling, test inspections and construction records shall be maintained in the project files.
A list of required reports are listed on Table 1.

A Construction Activity Report, recording quantities, thickness and locations of fill placed
shall be maintained daily. Any significant events or conditions that affect placement or
properties of the fill placed shall also be recorded on the daily Construction Activities
Report. Each QC Technician shall complete a Construction Activities Report for each day’s
work. Forms shall contain all pertinent and important events of that day relating to the
construction project. The minimum data required on all forms and/or notebooks shall
include the project number, date, technician’s signature and the signature of the QC Officer
or his designee, indicating the work was reviewed and approved.

Table 2 lists titles of forms to be used for the Quality Control procedures. Examples of
forms to be used during the construction project are attached to the appropriate Quality
Control procedure. Similar forms may be substituted with approval from the QC Officer.

C:\ed\projects\2007-50\TMP\TEXT\AppC-07.doc
April 2007



Report Type

Construction Activities
Officer

Field sampling and laboratory testing
Officer

Compliance Report

Final Construction Report
Agency

TABLE 1 - REQUIRED REPORTS

Freguency

Daily during construction

Report for each respective test as
required by the test procedure
Upon Construction Segment Completion

After completion of the Construction
project

Originator

QC Technician

QC Technician

QC Officer

Design Engineer

Approval
QC

QC

Site Manager
Design Engineer

Regulatory
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Form No.

PR-1

PR-2

PR-3

PR-4

PR-5

PR-6

PR-7

PR-8

PR-9

PR-10

PR-11

PR-12

PR-13

PR-14

PR-15

PR-16

PR-17

PR-18

PR-19

PR-20

PR-21

PR-22

TABLE 2 - LIST of FORMS

Title
Construction Activities Report
Soil Sampling Log
Gradation Analysis Worksheet
Gradation Analysis with Hydrometer Worksheet
Gradation Test Results
Moisture Content Worksheet
Atterberg Limits Worksheet
Laboratory Compaction Test Worksheet
Rock and Moisture Correction Calculations
Moisture Density Relationship
Summary of Laboratory Test Results
Nuclear Density Test Data
Field Density Tests (Sand Cone)
Panel Placement Log
Geomembrane Field Trial Log
Geomembrane Seaming Record
Geomembrane Seam Air Pressure Test Log
Repair Log
Geomembrane Seam Destructive Sample Log
Compliance Report
Field Change Order

Design Change Order

9
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7.0

CONSTRUCTION INSPECTION AND TESTING
7.1 General

This section describes the minimum engineering practices, testing, inspection and record
keeping controls considered satisfactory for implementation of the Quality Control Plan.
Acceptable construction shall be verified by means of visual examination, measurements
and testing. The extent of the inspection and testing programs shall be sufficient to provide
adequate quality control, to satisfy all requirements of the Plans and Specifications and to
furnish necessary permanent records. It is also essential that all personnel performing the
inspection and testing are qualified, defined by training and experience, to perform this
professional job.

The QC Officer will be responsible for establishing and maintaining the inspection and
testing program. He will also assure that the inspection and testing activities are properly
documented and are conducted in accordance with the Plans and Specifications.

Construction activities involved during construction of the tailings impoundment and the
attendant Compliance Reports for construction are as follows:

Construction Activity Compliance Report
1. Earthwork - Excavation and Placement PR-TP-CR1
2. Leak Detection/Leachate Removal System PR-TP-CR2
3. Clay Soil Liner PR-TP-CR3
4. Synthetic Liner System PR-TP-CR4

7.2 Performance Standards for Earthwork Construction Activities

The following QC/QA program shall be implemented for all earthwork including:
preparation of the foundation, excavation and placement of materials during any phase of
construction (i.e. construction of embankments, backfilling trenches, finish grading). The
minimum standards for Earthwork Construction are as follows:

e Clearing, grubbing and stripping of the area shall be accomplished prior to
construction of the tailings cell. After removal of the organic materials, the area
will be bladed with a motorgrader or equivalent piece of equipment, to create a
relatively smooth surface, free of rocks and sharp angular edges.

e Prior to placing the first layer of fill on the foundation, a final inspection of the
subgrade shall be performed to assure there are no cavities, separations, or
irregularities. The QC Officer shall ensure the foundation has been prepared by
leveling, moistening, and compaction so the surface materials of the foundation
are stable and provide a satisfactory bonding surface with the first layer of fill to
be placed.
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e Assure that excavations are made to the lines, grades and dimensions shown on
the Drawings. Documentation of any measurements and surveys shall be
reviewed by the QC Officer.

e Placement of all fill materials shall be performed in accordance with the
Specifications.  Items including soil uniformity, lift thickness, compaction
equipment, compactive effort and production of materials placed will be
continuously observed and documented. Any soils placed with scrapers, trucks or
equivalent pieces of equipment are not placed in lifts exceeding eight (8) inches
prior to compaction. Distribution and gradations of each material shall be, as far
as practicable, free of lenses, pockets, streaks or layers of materials differing
substantially in texture, gradation or moisture content from surrounding materials
or subsequent lifts. Fill soils placed beneath the synthetic liners and in areas
immediately adjacent to the lined cells will be compacted to at least 95 percent of
the Standard Proctor maximum density (ASTM D698) at a moisture content
between plus four and minus two percent of the Optimum Moisture Content
(ASTM D2216). Compaction can be obtained by tamping foot (sheepsfoot) roller
or by splitting tracks with rubber-tired equipment or other approved methods. If
the compacted surface of any layer of fill is too dry or smooth to bond properly
with the layer of material to be placed thereon, it will be moistened and/or re-
worked with a harrow, disk, scarifier or other suitable equipment to provide a
relatively uniform moisture content and satisfactory bonding surface prior to
placing the next layer of fill. If the compacted surface is too wet for proper
compaction of the fill material to be placed thereon, it will be allowed to dry or be
re-worked with a harrow, disk, scarifier or other suitable piece of equipment to
reduce the moisture content to an allowable level. The re-conditioned layers/lifts
shall all be re-compacted and re-tested to the specified requirements.

e No fill material shall be placed under adverse weather conditions, including
freezing temperatures, or during or immediately after heavy precipitation events.
Authorized personnel or the QC Officer shall determine when these adverse
conditions exist.

7.2.1 Quality Control Procedures and Frequencies

Quality Control procedures to be utilized during construction are attached. A list of the
tests and the procedures required for any Earthwork Excavation and Placement and the
testing frequencies are presented below.

Procedure Procedure No.
Field Inspection QC-PR-1
Sampling of Soils and Aggregates QC-PR-2
Particle Size Analysis QC-PR-3
Moisture Content of Soils QC-PR-4
Atterberg Limits QC-PR-5
Soil Classification for Engineering Purposes QC-PR-6
11
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Laboratory Compaction Tests QC-PR-7
In-place Density Tests QC-PR-8
Compacted Soil Layer Thickness QC-PR-9

7.3

Field density and moisture tests shall be not less than one test for every 500 cubic
yards of fill placed and in accordance with ASTM D1556, ASTM D2922, ASTM
D3017, and/or ASTM D4643. There will be, at a minimum, a field density test
and moisture test for each lift of material placed and for every full shift of
compaction operations.

During construction, one-point Proctor tests shall be taken at a frequency of one
test for every five (5) field density tests to ensure that the correct laboratory
Standard Proctor is being used.

Gradations and Atterberg limits of compacted materials shall be performed at a
frequency of not less than each 1,000 cubic yards of placed fill in accordance with
ASTM D422, ASTM D2216, ASTM D4318, and/or ASTM D4643.

The frequencies for laboratory Standard Proctor compaction tests will be such
that maximum densities are determined for the entire range of materials being
placed during construction, however, the frequency for compaction tests shall not
be less than one test for each 5,000 cubic yards of compacted fill in accordance
with ASTM D698 and/or ASTM D1557 as applicable.

If the nuclear density gauge is used for field density and moisture content
determination, a correlation test shall be taken for every ten (10) nuclear gauge
tests. The Sand Cone method (ASTM D1556) shall be used for correlation for
density determination and the Oven Drying method (ASTM D2216) for moisture
content. Alternate methods may be used, such as, the Rubber Balloon method
(ASTM D2167) for density correlation and the Microwave Oven method (ASTM
D4643) for moisture content with approval by the QC Officer or Design Engineer.
Density and moisture correlations shall be evaluated in accordance with the
method as described in USBR 7230, Section 9.

Performance Standards for Installation of the Leak Detection/Leachate
Removal System

The following QC/QA program shall be implemented for excavation and installation of
each component for the Leak Detection/Leachate Removal System. Backfilling of the
trenches/ditches will be monitored to be in accordance with Earthwork Construction
quality procedures (Section 7.2). The minimum standards for installation of the Leak
Detection/Leachate Removal System are as follows:

Verify that materials to be utilized for installation satisfy the specified
requirements. The QC Officer shall document on the proper form and transmittal
sheets, acceptance of the materials or reasoning for non-acceptance.
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Ensure that excavations of the leak detection drains are made to the lines, grades,
and dimensions shown on the Drawings. Documentation of any measurements
and surveys shall be reviewed by the QC Officer prior to placement of pipe or
drainage materials.

Check that the installation of the drain pipe and sump are in conformance with the
Specifications. Any pipe used for the system shall be joined together in
accordance with the manufacturer’s recommendation.

Verify that the correct type of drainage material with the specified gradations is
placed. The placed material should be clean and free of unsuitable material,
placed in a manner that minimizes segregation and placed to the lines and grades
as designated in the Specifications and on the Drawings.

The bottom layer of the granular material drainage layers will consist of Entrada
sand consistent with the properties described in Appendix B. The Entrada sand
will be free of debris, excessive clay and silt fraction, and the maximum particle
size is one inch. The material will be placed in a single lift of not less than four
inches.

The middle layer of the granular material drainage layers will consist of processed
sand and gravel rocky soil. The gradation of the sand and gravel drainage layer
will be similar to the Screened Rocky Soil through Double Screened Rocky Soil
as presented in Figure B-2 of Appendix B. The maximum particle size is three
inches, and a minimum of 50% by weight must be retained on a #8 U.S. Standard
Sieve. No more than 15% by weight shall pass a #200 U.S. Standard sieve. The
sand and gravel will be free of debris. The material will be placed in a single lift
of not less than six inches, and the total thickness of the middle and lower layers
of the granular drainage layers will not be less than 12 inches.

The top layer of the granular material drainage layers will consist of Entrada sand
consistent with the properties described in Appendix B. The Entrada sand will be
free of debris, excessive clay and silt fraction, and the maximum particle size is
one inch. The material will be placed in a single lift of not less than four inches
and the total thickness of the three granular drainage layers will not be less than
18 inches.

The leachate collection pipes will be installed in a configuration consistent with
that described in Section 5.1.4.2 and Figure 5-8 of the Tailings Management Plan.
The pipes will be installed in a clean gravel envelope that is wrapped in a
geotextile that conforms with specifications in Section 7.7 of this appendix.

The leachate collection pipes will have a minimum pipe stiffness of 50 psi as
determined by methods described in ASTM D2412.
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e The gravel envelope material for the leachate collection pipe will consist of 3/8
inch to 1 inch clean crushed rock or gravel. No more than 10% by weight of the
gravel envelope may pass a #8 U.S. Standard Sieve.

e The granular drainage layers directly over and immediately adjacent to the

leachate collection pipes will be compacted with a vibratory compactor or other
approved method.

7.3.1 Quality Control Procedures

Quality Control Procedures to be utilized during construction are attached. A summary
of the tests and the procedures required for installation of the Leak Detection/Leachate
Removal System are listed below:

Procedure Procedure No.
Field Inspection QC-PR-1
Sampling Aggregate and Soils QC-PR-2
Particle Size Analysis QC-PR-4

Any backfilling of the trenches/ditches shall be inspected and tested in accordance with
the Earthwork Construction procedures and frequencies.

7.4 Performance Standards and Specifications for Construction of Clay Liner

The following QC/QA program shall be implemented for excavation, conditioning,
placement and compaction of the clay liner system. The minimum standards for
construction of the Clay Liner are as follows:

e Ensure that final grading and preparation of the subgrade has been performed in
accordance with the Specifications and to the lines and grades shown on the
Drawings. The QC Officer shall review the documentation of any measurements
and surveys prior to clay liner placement.

e A final inspection of the foundation is to be performed to assure that it has no
deterioration due to frost action, erosion, rutting, areas of subsidence, or drying
out of the surface. The inspection shall also verify that the foundation material
has been moistened, but there is no standing water on the surface. Any
unacceptable surface material will either be removed or re-compacted to the
Specifications.

e Laboratory tests shall be conducted on the materials obtained from the borrow site
to ensure the materials are within the limits specified in the Specifications. Clay
soils used for construction of the clay liner shall classify as CL, CH, or SC by the
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Unified Classification System and conform to the following physical
requirements:

1. At least 30 percent passing the No. 200 sieve.
2. Maximum particle size of 1 inch.

3. Liquid limit of the material shall be at least 25 percent with a minimum
plasticity index of 10 in accordance with ASTM D4318.

4. Maximum hydraulic conductivity of 1E-7 cm/sec when compacted to 95
percent of Standard Proctor maximum dry density within the specified
moisture range as determined by ASTM D698 and ASTM D2216.

As far as practicable, the soils will be brought to the proper moisture content prior
to placement. Conditioning of the clay can be achieved by disking and adding
water in a stockpile, processing with a “pug mill” or any other similar method
approved by the QC Officer.

Clay placement shall be performed in accordance with the Specifications. Items
including soil uniformity, lift thickness, compaction equipment, compactive effort
and production of materials placed shall be observed and documented. Lifts shall
not exceed eight (8) inches prior to compaction. Distribution shall be, as far
practicable, free of lenses, pockets, streaks or layers differing substantially in
moisture content from subsequent lifts. The clay will be compacted to at least 95
percent of the Standard Proctor maximum dry density in accordance with ASTM
D698, at a moisture content between minus two (-2) and plus four (4) of the
optimum moisture content as determined by ASTM D2216 or ASTM D4643 (if
approved by the QC Officer). Compaction can be obtained by tamping foot
(sheepsfoot) rollers or equivalent types of equipment. After placing the clay,
maintenance of the moisture content must be addressed at all times.

Placement of the clay shall be accomplished in a manner to alleviate loss of
moisture. Once the first lift has been placed over an area, and been compacted
and tested, the subsequent lift should be placed directly over that area that has
passed the compaction and moisture specifications. The entire clay liner system
shall be constructed by alternating the first and final lifts in areas sufficient in size
to minimize congestion between equipment placing and compacting the clay liner.
This method or an approved alternate should be performed throughout the
placement of the clay liner system. After the final lift has been placed, the clay
shall be kept moist by application of water from a water truck or water wagon.
Continuous visual monitoring of the placed clay shall be performed. Any areas
that are suspected to have dried will be re-tested and a moisture content shall be
obtained with either a nuclear density gauge (ASTM D3017) or a sample obtained
for a laboratory test (ASTM D2216 or ASTM D4643). Documentation of any re-
testing is mandatory. The Lining Contractor should be scheduled so that
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commencement of the synthetic liner installation begins as soon as possible after
the clay liner has been constructed.

e No disking will be allowed on the first lift of placed clay. It will be necessary to
remove the dried clay and re-condition it off of the floor or slope of the cell.
Disking or scarifying the initial lift could allow mixing of the clay with the
foundation materials altering the permeability coefficient of the clay materials. If
any of the compacted lifts, other than the first, are too dry or smooth to bond
properly with the next layer to be placed thereon, it will be moistened and/or re-
worked with a harrow, disk, scarifier or other equivalent piece of equipment to
provide a relatively uniform moisture and satisfactory bonding surface prior to
placing the next layer of clay. If any of the compacted lifts, other than the first,
are too wet for proper compaction of the clay to be placed thereon, it will be
allowed to dry or be re-worked with a harrow, disk, scarifier or other piece of
suitable piece of equipment to reduce the moisture content to an allowable level.
That layer or lift will then be re-compacted and re-tested to the specified
requirements. The final lift of clay shall be graded and compacted with a smooth-
drum roller in order to prepare a smooth surface for the installation of the
geomembrane liner.

e In areas where the existing clay liner will be preserved and used for the clay liner
for the newly constructed cell, the upper one foot thickness of clay will conform
to the same specifications as newly placed clay. Disking or scarifying and in-
place moisture conditioning will be allowed provided there is no penetration of
the clay or other mixing with unsuitable material.

e No clay shall be placed under adverse weather conditions, including freezing
temperatures or immediately or during heavy precipitation events. Authorized
personnel or the QC Officer shall determine when these adverse conditions exist.

7.4.1 Quality Control Procedures and Frequencies

The following discussion contains the Quality Control procedures to be utilized during
construction of the clay liner. A list of the tests and procedures required during this
phase of construction and the testing frequencies are presented below.

Procedure Procedure No.
Field Inspection QC-PR-1
Soil Sampling Log QC-PR-2
Particle Size Analysis QC-PR-3
Moisture Content of Soils QC-PR-4
Atterberg Limits QC-PR-5
Soil Classification for Engineering Purposes QC-PR-6
Laboratory Compaction Tests QC-PR-7
In-place Density Tests QC-PR-8
Compacted Soil Layer Thickness QC-PR-9
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e Field density and moisture tests shall be not less than one test for every 500 cubic
yards of clay placed and in accordance with ASTM D1556, ASTM D2922,
ASTM D3017, and/or ASTM D4643. There will be at the minimum at least one
field density test and moisture test for each lift of material placed and for every
full shift of compaction operations.

e During construction, one-point Proctor tests shall be taken at a frequency of one
test for every five (5) field density tests to ensure that the correct laboratory
Standard Proctor is being used.

e Gradations and Atterberg limits of compacted materials shall be performed at a
frequency of not less than each 1,000 cubic yards of placed fill in accordance with
ASTM D422, ASTM D2216, ASTM D4318, and/or ASTM D4643.

e The frequencies for laboratory Standard Proctor compaction test will be such that
maximum densities are determined for the entire range of materials being placed
during construction, however, the frequency for compaction tests shall not be less
than one test for each 5,000 cubic yards of compacted fill in accordance with
ASTM D698 and/or ASTM D1557 as applicable.

e |If the nuclear density gauge is used for field density and moisture content
determination, a correlation test shall be taken for every ten (10) nuclear gauge
tests. The Sand Cone method (ASTM D1556) shall be used for correlation for
density determination and the Oven Drying method (ASTM D2216) for moisture
content. Alternate methods may be used, such as, the Rubber Balloon method
(ASTM D2167) for density correlation and the Microwave Oven method (ASTM
D4643) for moisture content with approval of the QC Officer or Design Engineer.
Density and moisture correlations shall be evaluated in accordance with the
method as described in USBR 7230, Section 9.

For every 10,000 cubic yards of clay placed, clay liner composite samples of the placed clay
shall be collected and tested for hydraulic conductivity. These samples shall re-molded and
compacted to 95 percent of the Standard maximum dry density at a moisture content between
minus 2 (-2) and plus four (4) as determined by ASTM D698 and ASTM D2216 respectively.
Permeability testing will be by falling head permeameter (ASTM D5084) or other approved
method.

17
C:\ed\projects\2007-50\TMP\TEXT\AppC-07.doc
April 2007



7.5 Performance Standards and Specifications for Installation of the Synthetic
Liner System

The following QC/QA program shall be implemented during installation of the synthetic
liner system. The minimum standards are as follows:

e The Lining Contractor shall use adequate numbers of skilled workmen whom are
thoroughly trained and experienced in the necessary skills and methods for
placement of the liner system. At least one seaming operator “Master Welder”,
shall have a minimum of 10,000,000 square feet of geomembrane seaming
experience using the same type of seaming apparatus to be utilized for the project.
The “Master Welder” shall provide direct supervision, as required, over less
experienced operators. No seaming operations will be permitted if the
Contractor’s quality control and supervisory personnel are not onsite to direct
and/or observe production welding. Other seaming operators shall have seamed a
minimum of 1,000,000 square feet of geomembrane. Apprentice seamers shall be
qualified by completion of at least two successful geomembrane test seams
performed under similar weather conditions and seaming procedures used for
production seaming. These tests must be witnessed by the QC Officer or his
representative.

e Prior to installation of the lining system, the Lining Contractor shall provide
written approval verifying the subgrade has been properly prepared and is
acceptable for lining installation. If any deficiencies are noted, arrangements to
correct the deficiencies, to the satisfaction of the Lining Contractor shall be
administered. The area on which the liner is to be placed shall be smooth and free
of projections or depressions that may cause puncturing or stretching.

e The synthetic liner material shall be new, first quality product manufactured for
the purpose of liquid containment. The materials shall be free of holes, blisters,
undispersed raw materials or contamination by any foreign material.
Geomembrane material shall be shipped and delivered in rolls free of seams.
Delivery of the geomembrane must be made in the original wrappings indicating
the name of the manufacturer, product identification, roll number, roll thickness,
roll dimensions, resin type and date of manufacture. The Lining Contractor also
shall submit proper certification from the manufacturer that all synthetic materials
meet or exceed all the physical property criteria for the intended application. The
QC Officer or his designee shall verify shipment of all materials and ensure Roll
Numbers match the Invoice or Bill of Lading.

e Sand bags will be utilized to hold the liner in place during installation. On-site
materials may be used to fill the bags as long as the materials are free of rocks or
other sharp particles that could puncture the lining. The QC Officer shall ensure
that there are adequate provisions on-site to protect the synthetic materials from
wind displacement during installation.
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Anchor trenches shall be excavated just prior to installation of the liner system.
The anchor trenches shall be excavated to the lines and grades shown on the
Drawings or as modified by the QC Officer in the field. Backfilling of the anchor
trenches shall not be allowed until the liner has been through several
expansion/contraction cycles. The Lining Contractor shall be responsible for
securing the lining system in the anchor trench with an adequate number of
sandbags or other approved method by the QC Officer until the anchor trench can
be backfilled. Rounded edges shall be provided in the anchor trenches where the
geomembrane enters into the anchor trench to provide subgrade support and to
avoid sharp bends in the geomembrane. The geomembrane shall be seamed
completely to the ends of the panels to minimize the potential of tearing along the
seams.

Prior to installation, the Lining Contractor shall provide the QC Officer with a
panel layout indicating the general panel configuration intended. Panels shall be
oriented perpendicular to the line of the slope crest (i.e. down and not across the
slope).

The method and equipment used to deploy the liner shall not damage the material
to be installed, the already installed materials or the subgrade in any way.
Geomembrane shall be unrolled using methods that will not damage, stretch, or
crimp the geomembrane and protect the underlying subsurface from damage.
Personnel walking on the liner shall not engage in activities or wear any types of
shoes that could damage the liner. Vehicular traffic such as cars, truck, ATV’s,
etc. directly on the liner will not be permitted. Equipment shall not damage the
geomembrane by handling, trafficking, leaking of any hydrocarbons or any other
means. The geomembrane shall not be utilized as a work or storage area. |If
needed, a protective cover may be spread out as a work or storage area on the
liner. Smoking is strictly prohibited when on the liner.

The primary and secondary liners shall consist of a geomembrane of High
Density Polyethylene (HDPE) with a typical thickness of 60 mils. The
geomembrane manufacturer shall be listed by the National Sanitation Foundation
as having met Standard 54 requirements for flexible liners. Resin used to
manufacture the geomembrane shall be formulated to be resistant to chemical and
ultraviolet degradation. The geomembrane material shall be free of any
plasticizers or other leachable additives. Material properties for the
geomembranes are presented in Table 3.

Double wedge fusion welding (hot shoe) will be the primary means of welding.
Seaming methods other than the method specified above will require prior
approval by the QC Officer. The acceptance or rejection shall be based on data
submitted by the Lining Contractor and shall include recommendations from the
manufacturer, case history and laboratory testing. Double wedge fusion welding
shall be performed in accordance with these Specifications and the
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manufacturer’s recommendations. The two sheets of geomembrane to be joined
together, shall be properly positioned so that a minimum overlap of 4 inches and a
maximum of 6 inches exist. “Fishmouths” or wrinkles at seam overlaps shall be
cut to achieve a flat overlap. The cut “fishmouths” or wrinkles shall be either
extrusion welded if the cut is less than 3 inches in length or patched with a cap if
the area cut is longer than 3 inches. If a sudden change in temperature should
occur, readjustment of the panel to the acceptable overlap limits must be
accomplished. The exact width of overlap is dependent on the width of the wedge
element being used. All cutting and preparation of odd shaped sections or small
fitted areas must be completed at least 50 feet ahead of the seaming operation in
order to allow the seaming operation to proceed with as few interruptions as
possible. Overlapped sheets ready for seaming must be completely free of
moisture and dirt in the area of the seam. No seaming shall be allowed during
rain or snow unless proper precautions are made to allow seaming on dry
materials within an enclosure or shelter. Ambient temperatures shall between 32°
F (0° C) and rising up to 104° F (40° C) when measured two feet above the
surface of the liner. Seaming will not be allowed on frozen or saturated subgrade
without taking proper corrective actions approved by the QC Officer.

Extrusion welding will be used only for repairs and detail work such as around
pipes and sumps. All extrusion fillet seams shall be in accordance with the
Specifications and the manufacturer’s recommendations. Prior to extrusion
welding, all surfaces shall be clean and dry. A hot air device or hot air wedge
(Lyster) shall be used to “tack” the two sheets together. This tacking procedure is
not intended to be the primary seam but, simply creates a light bond between the
two sheets, securing their position. Grind marks should not be deeper than
approximately 5 percent of the geomembrane thickness. The main purpose for
grinding is the removal of oxide layers and dirt from the liner surfaces and to
roughen the interface for the extrudate. Grinding marks shall not extend beyond
1/4 inch of either side of the extrudate after its placement. Any grinding marks
appearing more than 1/4 inch beyond the extrudate will require repair by
placement of a cap over the entire seam or patch where the excessive grinding
occurred. Seaming must take place no more than 10 minutes after grinding to
ensure the surface oxide layers do not reappear to the area prepared for the
extrudate. The welding rod shall be made from the same resin and free from dirt,
dust, moisture and tangles at all times. The extrusion welder’s barrel shall be
purged of heat-degraded extrudate for approximately 30 seconds before beginning
to seam. This must be done every time the extruder is restarted after two or more
minutes of inactivity. The purged extrudate shall be disposed of properly, not on
the surface of placed liner or on the subgrade, where it could damage the liner in
any way. The bottom portion of the welding die must stay in contact with the
sheet surface and conform to the various seam angles and configurations. The
placed extrudate should be approximately twice the specified sheet thickness,
measured from the top of the bottom sheet to the top or “crown” of the extrudate.
Excessive squeeze-out is acceptable, only if it is equal on both sides and does
interfere with subsequent vacuum box testing. However, if the extrudate can be
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pulled off of the seam by the squeeze-out, the weld is considered unacceptable. If
the seaming process is interrupted during mid-seaming, the extrudate should trail
off gradually and not in a large mass of solidified extrudate. Where such welds
are abandoned long enough to cool, a new patch strip shall be placed over the

entire existing patch.

No extrusion welds will be permitted over the top of

another extrusion weld or side-by-side of another weld. The only cases that
extrudate will be allowed over the top of another weld is for “T” or “Y” shaped
seams after the existing weld has been ground. In the event an extrusion weld
cannot be tested with a vacuum box, provisions must be provided for the seam to
be spark tested according to the spark tester manufacturer’s procedures.

TABLE 3 - Material Properties for HDPE Geomembrane

Minimum
Property Test Method Requirement

Thickness (mils minimum = 10%) ASTM D 5199 60
Specific Gravity (g/cc minimum) ASTM D 1505/D 792 0.94
Carbon Black Content (%) ASTM D 1603 2-3
Carbon Black Dispersion ASTM D 5596 Note 1
Minimum Tensile Strength (each direction) ASTM D 6693

1. Tensile strength yield (Ib/in. width) 126

2. Tensile strength break (Ib/in. width) 228

3. Elongation at yield (%) 12

4. Elongation at break (%) 700
Tear Strength (1b.) ASTM D 1004 42
Puncture Resistance FTMS 101 - 2065 80

ASTM D 4833 108

Stress Crack Resistance” (hrs) ASTM D 5397 300
Oxidative Induction Time (OIT) (minutes) ASTM D 3895 100
Oven Aging at 85 °C ASTM D 5721 55
Standard OIT- % retained after 90 days ASTM D 3895
UV Resistance® GRI GM11 50
High Pressure OIT*- % retained after 1600 ASTM D 5885
hrs

W Carbon black dispersion for 10 different views: Nine in Categories 1 and 2 with one allowed

in Category 3.

@ The yield stress used to calculate the applied load for the SP-NCTL test should be the mean

value via MQC testing.

®) The condition of the test should be 20 hr. UV cycle at 75 °C followed by 4 hr. condensation at

60 °C.

“ UV resistance is based on percent retained value regardless of original HP-OIT value.

21

C:\ed\projects\2007-50\TMP\TEXT\AppC-07.doc
April 2007




7.5.1 Quality Control Procedures and Frequencies

Quality Control of the geomembrane liner placement shall be furnished by the Lining
Contractor. PRL shall monitor and maintain that liner deployment is in accordance with
the Specifications through its Quality Assurance Program. A list of the tests and
procedures required during this phase of construction and the testing frequencies are
presented below.

Procedure Procedure No.
Field Inspection QC-PR-1
HDPE Liner Seam Integrity QC-PR-10

The Lining Contractor shall qualify each seaming apparatus (double wedge fusion
and/or extrusion welder) and operator at the start of each day or shift of seaming,
and at least once every 4 hours thereafter. A representative seam fabricated from
the same sheet material and using the same seaming procedure to be utilized for
production welding shall be submitted to the QC Officer or his representative.
The start-up seam shall be a minimum of 12 inches wide by 10 feet in length with
the seam being centered lengthwise within the strip. Five specimens shall be
obtained from each end of the strip. A tensiometer will be utilized to test five of
the specimens for shear and five specimens for peel. Shear and peel tests shall
result in Film Tearing Bond (FTB) as defined by NSF Standard 54, which is a
failure in ductile mode of one of the bonded sheets by tearing prior to complete
separation in the bonded area. Should any seam fail to meet the Specifications,
the seaming device and/or seamer shall not be accepted and will not be used for
any seaming until the deficiencies are corrected and two successful start-up seams
have been accepted. The Lining Contractor’s quality control officer/technician
shall initial each test seam submitted, indicating the start-up seam has been
inspected and tested for peel and shear. Every submitted test seam will marked
with the time, date, operator’s initials, welding machine number and welding
temperature and speed. Minimum values for shear and peel tests are presented in
Table 4.

Table 4 - Field Seam Requirements

Minimum
Property Test Method Requirement
Shear Strength (Ib/in. width) ASTM D4437 @ 120
Peel Strength (Ib/in. width) ASTM D4437 @ 78 @

D As modified in Annex A, NSF 54

@ Minimum recorded stress required in conjunction with Film Tear Bond (FTB) for acceptance

e Daily visual inspection of the seaming and testing process shall be performed by
the QC Officer or his representative. All testing procedures shall be periodically
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monitored to ensure proper procedures are adhered to. If the QC Officer or his
designee witnesses a vacuum test or air pressure test, they will initial, date and
check that the information that was written in reference to the test results is
correct.

All seams created by the double wedge fusion weld shall be checked by the Air
Pressure Testing method in the following manner:

1.
2.

3.

Seal one end of the seam to be tested.

Insert a needle or other approved device to supply pressure through one end of
the sealed channel end created by the double wedge fusion weld.

Apply pressure to the device to ensure unobstructed passage of air through the
channel.

Seal off the opposite end of the channel.

Insert a pressure between 25 and 30 psi, and allow 2 minutes for the injected
air to come to an equilibrium in the channel. The channel shall sustain
pressure for 5 minutes.

At the end with the pressure gauge, write down the date, time test started, time
test ended, air pressure reading at the beginning of the test and air pressure
reading after the minimum 5 minute time period, whether the test failed or
passed and the initials of the inspector.

If the pressure loss exceeds 2 psi, or if the pressure never stabilizes, the
defective area must be located and repaired with a cap.

If the test passes after 5 minutes, the seal shall be removed from the opposite
end of the pressure gauge. The air channel should deflate immediately
indicating the entire length of the seam was tested.

All repair welds and welds to seal the air insert holes will be tested by the
vacuum box as described below.

All extrusion welds shall be tested with a vacuum box. The vacuum box
assembly shall consist of a rigid housing with a transparent viewing window on
the top, a soft rubber gasket fixed to the bottom, valve assembly and a vacuum
gauge. The testing procedure shall be as follows:

1.

ISR A

S

Wet a strip of the extrusion weld approximately 12 inches wide by the length
of the box with a soapy solution.
Place the box over the wetted surface and compress.
Create a vacuum of 3 to 5 psi.
Make sure the seal between the box and the geomembrane is tight.
Examine the geomembrane for about 15 seconds looking for animated bubbles
or bubbles that increase in size while under pressure.
If no animated bubbles appear: close the vacuum valve, open the bleed valve,
and move the box over the next adjoining weld to be tested with a minimum
of 3 inches of overlap before repeating the process.
After completing the test on the extrusion welds, the inspector shall write on
the liner the date, time, whether the test passed or failed and initials.
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e If an extrusion weld can not be tested by the vacuum box method, the seams shall
be spark tested according to the spark tester manufacturer’s specifications and
procedures.

e Destructive seam testing shall be minimized to help preserve the integrity of the
liner. The Lining Contractor shall provide the QC Officer or his representative
with a destructive test sample for approximately every 500 feet of production. As
far as practical, these samples shall be cut above the proposed high water level of
the cell or on the flat surface of the cell bottom. All samples will be a minimum
of 12 inches wide by 36 inches long with the seam centered lengthwise. The
sample will then be divided into three equal pieces, one to be tested by the Lining
Contractor and two to be given to the QC Officer or his designee. The Contractor
shall test ten, 1 inch wide specimens, five for shear strength and five for peel
strength in accordance with Table 4. Seam failure is defined as failure of any one
of these specimens by shear or peel. For peel adhesion, the minimum strength
value must be obtained in combination with Film Tear Bond (FTB) for
acceptance. For shear strength, the geomembrane specimens must exhibit at least
50 percent elongation prior to failure. The location, seam number, seaming
apparatus number, operator, date and time of each cut-out shall be recorded on the
each segment of the 36 inch specimen. All holes resulting from the destructive
testing shall be patched as soon as possible and tested.

e In the event of a laboratory test failure for a field seams, additional destructive
seam testing will be conducted by taking seam samples adjacent to and on both
sides of the failed sample location. If the additional destructive seam tests result
in failure, the entire seam represented by the samples will be repaired with a cap
strip. The cap strip will be vacuum box tested.

7.6 Performance Standards and Specifications for Installation of Geonet System

The following QC/QA program shall be implemented during installation of the geonet
system. The minimum standards are as follows:

e Only after the bottom (secondary) liner has been deployed, seamed, tested and
approved by the QC Officer or his representative, shall deployment of the geonet
commence. The Lining Contractor shall present all test results, as-built drawings
and repair logs of the secondary liner for approval.

e The geonet shall be NSC, POLY-NET 2000 or an approved equal. The geonet
shall conform with the minimum values and tolerances as listed in Table 5.
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Table 5 - Material Properties for Geonet

Property Test Method Qualifier Value
Resin Density (g/cm®) ASTM D 1505 minimum 0.94
Carbon Black Content (%) ASTM D 1603 minimum 2.0
Thickness (inches) ASTM D 1777 minimum .160
Mass per Unit Area (Ibs/ft%) ASTM D 3776 minimum 17
Transmissivity" (m?/sec) ASTM D 4716 minimum 1X10°
Standard Width X Length (feet) 14 X 300

W Hydraulic gradient i = 1. Normal pressure = 10,000 psf.

The geonet drainage material shall be manufactured by extruding two sets of
polyethylene strands to form a dimensional structure allowing planar flow. All
geonet materials shall be manufactured of new first quality products. The QC
Officer or his designee shall ensure that delivery is made in the original
wrappings showing the name of the manufacturer, product identification, lot
number and roll dimensions.

During deployment of the geonet, the Contractor shall at all times keep the geonet
clean and free from debris prior to and during installation. Storage of the geonet
shall be in accordance with the manufacturer’s recommendations and in a location
that will keep the material from damage. Installed geonet that is permitted to
become filled with accumulations of debris or blowing dirt and sand shall be
removed, cleaned and reinstalled following cleanup of the geomembrane
secondary liner’s surface.

The geonet rolls shall be overlapped at least 4 inches and secured together by
plastic ties no more than 5 feet apart. Plastic ties shall be white or any other
bright color for ease of inspection. Metallic ties such as wire will not be
permitted.

7.7 Performance Standards for Installation of Geotextile Materials

The following QC/QA program shall be implemented during installation of any
geotextile materials to be placed. The minimum standards are as follows:

Geotextile fabric shall be nonwoven fabric with a minimum fabric weight of 8
oz/yd® like AMOCO 4508 or approved equal. Material properties of the
nonwoven geotextile shall conform to the minimum values and tolerances
presented in Table 6.
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Table 6 - Material Properties for Nonwoven Geotextile

Minimum | Typical Physical
Property Test Method Values Properties
Unit Weight (oz/yd?) ASTM D 3776 8.0
Grab Tensile (Ibs) ASTM D 4632 200 270-275
Grab Elongation (%) ASTM D 4632 50 65
Mullen Burst (psi) ASTM D 3786 450 575
Puncture (lbs.) ASTM D 4833 130 170
Trapezoid Tear (lbs) ASTM D 4533 80 120-140
Apparent Open Size (US Sieve No.) ASTM D 4751 100 100-200
Permittivity (sec™) ASTM D 4491 1.5
Permeability (cm/sec) ASTM D 4491 2 27
Thickness (mils) ASTM D 1777 90 115
U.V. Resistance’ (%) ASTM D 4355 70

@ Percent of minimum grab tensile strength after 500 hours.

Delivery of geotextile fabric shall be made in original wrappings showing the
name of the manufacturer and product weight. Storage of the geotextile material
must be in accordance with the manufacturer’s recommendations and in a location
that will keep the fabric clean and protected from damage.

The geotextile fabric shall be placed in the Leak Detection system in accordance
with the Specifications and Drawings. During installation, the fabric will be
rejected if it has any defects, rips, holes, flaws, deterioration or damage incurred
during manufacture, transportation and/or storage.

The area on which the fabric is placed shall be smooth and free of projections or
depressions that may cause the puncturing or stretching of the fabric. Care shall
be taken to remove all sharp rocks, stones and any other sharp objects. Geotextile
fabric shall be placed without stretching and shall lie smoothly in contact with the
prepared surface. The adjacent ends of the fabric shall be placed with seams
overlapped four to six inches. The geotextile fabric seam shall be overlapped
according to Plans and Specifications for geotextile-wrapped gravel envelope.

7.8 Quality Control Reports

Test reports, resin batch test results, material properties and manufacturer’s quality
control as required by these Specifications shall be submitted by the Lining Contractor to
the QC Officer for review prior to installation of any of the synthetic lining system.

7.8.1 Field Installation Reports

The Contractor shall submit to the QC Officer daily reports documenting the following:
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e Changes in layout and Drawings (panel placement).

e Production data, indicating materials placed and seams welded along with batch
and roll numbers.

e Non-destructive test results.
e Destructive test results.
e Areas of deficiency and corrective actions taken.

7.8.2 As-built Drawings

Upon completion of the project, the Contractor shall provide a reproducible original of
the “as-built” drawings illustrating panel location, seam location, seam numbers, repair
locations and the locations of destructive test samples with corresponding test sample
numbers.

8.0 GEOMEMBRANE REPAIR PROCEDURE

Any portion of the geomembrane exhibiting a flaw or failing destructive or non-destructive
quality control test must be repaired. The repair of any of these faults shall be in accordance
with these Specifications and the manufacturer’s recommendations. All repair procedures,
materials and techniques shall be approved in advance of the specific repair by the QC Officer.

9.0 GEOMEMBRANE WARRANTY

The Lining Contractor shall guarantee the synthetic lining system and geomembrane to be free of
defects for a period of 20 years after installation. These warranties shall be provided to the
Owner upon completion of the project.

10.0 ACCEPTANCE
Acceptance of the lining system will be accepted by PRL when:

1. The installation has been completed in accordance with the Plans and Specifications and to
the satisfaction of the QC Officer and Design Engineer.

All quality control documentation has been submitted.

As- built drawings have been completed and submitted to the QC Officer.

4. Warranties have been received by PRL.

wn
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1.0

2.0

METHODOLGY

1.1 Scope

The procedure for field inspections is to be used to monitor construction activities during
construction by visual observation and measurement and to record and compare these
observations and measurements with the Specifications.

1.2 Procedure

The field inspection activities set forth in the Quality Plan shall be documented for
earthwork, construction materials, surveys and sampling. Observations shall be recorded
on Form PR-1 or an approved alternate. Items to be documented include, but are not
limited to, locations, dimensions, quantities, slopes or grades of excavation and placement.
Areas to receive compacted fill shall be observed and the condition of the surfaces prior to
fill placement shall be noted. During placement, lift thickness, lift uniformity, compactive
effort and other construction details shall be monitored in accordance with the appropriate
Specification. Construction materials, surveys, and sampling shall also be observed and
documented to verify compliance with the applicable Specifications.

1.3 Frequency of Observations

Observations of fill placement shall be conducted on-going during any phase of the
construction process according to the Specifications.

1.4 References
1. Annual Book of ASTM Standards, VVolumes 04.08 and 04.09

2. Earth Manual - A Water Resources Technical Publication (Third Edition), Part 2,
1990, U.S. Department of Interior

REPORTING
2.1 Forms

The following form or approved equivalent shall be used to record observations of all
construction activities.

o PR-1 Construction Activities Report
2.2 Records

The original of the construction activities report shall be maintained in a Project File.

Copies shall be available upon request.
1
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PR-1 CONSTRUCTION ACTIVITIES REPORT Project No.:
Technician: Date:
Approved By: Daily Report No.: Sheet of

Weather Conditions and Temperature:
Equipment:

Construction Activities and Observations:
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1.0 METHODOLGY

1.1 Scope

Determine a procedure to provide standard sampling procedures for obtaining samples of
soils, aggregates and/or soil-aggregate mixtures from stockpiles, truck loads, borrow areas
and at the construction site. This procedure shall include a visual-manual method for
describing and identifying the different sample types.
1.2 Procedure
All soil, aggregate, soil-aggregate sampling shall be done in accordance with standardized
procedures as described in the latest version of ASTM D75. Description and identification
of soils using visual-manual methods shall be done in accordance with standard procedure
described in the most recent version of ASTM D2488.
1.3 References
1. Annual Book of ASTM Standards, VVolume 04.03 and VVolume 04.08

2.0 REPORTING

2.1 Forms

The following form or approved equivalent shall be used for all sampling activities
associated with this procedure.

o PR-2 Soil Sampling Log
2.2 Records

The original of the sampling reports shall be maintained in the Project File. Copies shall be
available upon request.
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PR-2 SOIL SAMPLING LOG

Sample No. Report No.
Date Sheet of
Sampled By Reviewed By

QC Officer

Location (Stockpile, Test Pit, Fill, Borrow Area, Truck, etc.)

Depth of Sample

Sample Type (Large bulk, Undisturbed, Grab, Composite, etc.)

Visual Classification (Color, Grain size, Texture, etc.)

Intended Use ( Fill material, Clay Liner, etc.)

Testing Program (Standard Density, Atterberg, etc.)

Note - A copy of this form must be attached with all laboratory tests performed on the sample.
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1.0 METHODOLGY

1.1 Scope

These procedures are to be used to quantitatively determine the distribution of particle
sizes of soils, aggregates and soil-aggregate mixtures. The distribution of particle sizes
larger than a No. 200 sieve are determined by screening and particle sizes smaller than a
No. 200 sieve are to be determined by hydrometer analysis.

1.2 Procedure

Preparation of soil samples to be analyzed for particle size shall be in accordance with the
most current version of ASTM D421. For particle sizes greater than the No. 200 sieve
procedures from the most current version of ASTM D422 shall be adhered to. The latest
version of ASTM D1140 shall be used to analyze for particle sizes smaller than the No.
200 sieve.

1.3 References

1. Annual Book of ASTM Standards, VVolume 04.08
2.0 REPORTING

2.1 Forms

The following forms or approved equivalents shall be used for all sampling activities
associated with this procedure.

. PR-3 Gradation Analysis Worksheet

. PR-4 Gradation Analysis with Hydrometer Worksheet
. PR-5 Gradation Test Results

. PR-11 Summary of Laboratory Test Results

2.2 Records

The original of the sampling reports shall be maintained in the Project File. Copies shall be
available upon request.
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Technician

PR-3 GRADATION ANALYSIS WORKSHEET

Approved By

Project No.

Sample No. Sample No. Sample No. Sample No. Sample No.
Description Description Description Description Description
Run by Run by Run by Run by Run by
Dish No. Dish No. Dish No. Dish No. Dish No.
Dry Soil & Dish Dry Soil & Dish Dry Soil & Dish Dry Soil & Dish Dry Soil & Dish
+200 Soil & Dish +200 Soil & Dish +200 Soil & Dish +200 Soil & Dish +200 Soil & Dish
Dish Weight Dish Weight Dish Weight Dish Weight Dish Weight
Dry Soil Weight Dry Soil Weight Dry Soil Weight Dry Soil Weight Dry Soil Weight
Cum. Cum. Cum. Cum. Cum.
Sieve Wt. % Sieve Wt. % Sieve Wt. % Sieve Wt. % Sieve Wt. %
Size Ret. Pass Size Ret. Pass Size Ret. Pass Size Ret. Pass Size Ret. Pass
5 5 5 5 5
3 3 3 3 3
11/2 11/2 11/2 11/2 11/2
3/4 3/4 3/4 3/4 3/4
3/8 3/8 3/8 3/8 3/8
#4 #4 #4 #4 #4
#8 #8 #8 #8 #8
#16 #16 #16 #16 #16
#30 #30 #30 #30 #30
#50 #50 #50 #50 #50
#100 #100 #100 #100 #100
#200 #200 #200 #200 #200
Pan Pan Pan Pan Pan
% Gravel % Gravel % Gravel % Gravel % Gravel
% Sand % Sand % Sand % Sand % Sand
% Silt & Clay % Silt & Clay % Silt & Clay % Silt & Clay % Silt & Clay
Remarks: Remarks: Remarks: Remarks: Remarks:
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PR-4 GRADATION ANALYSIS with HYDROMETER WORKSHEET

Technician Project No.
Approved By Date
Sample No. Visual Description
Ran by Sample Preparation Sieve Time
Sieve Size 3" 11/2" 3/4” 3/8” No. 4 Sample Weights
Sample No
and Pan No. Wet Dry
Total
Weight of Pan Sample
Dry Weight Retained
Retained
Dry Weight Passing XXX | XXX | XXX | XXX | XXX on No.4
%o0f Total Passing
Passing
w%=|[___ [ No.4
Ran By Sieve & Hydrometer Analysis Sieve Time
Sieve Weight Weight % of Total Factor = 2 = =
No. Retained Passing Passing w
8 (10) XXXXX MOISTURE DETERMINATION
+4 -4 Hygro. Hydro.
16 XXXXX Dish No. Material Material Moisture Sample
30 (40) XXXXX Wt. Wet Soil & Dish
50 XXXXX Wt. Dry Soil & Dish
100 XXXXX Wt. Dish
200 Wt. of Dry Soil
PAN XXXXXX Wt. of Water =w
Total XXXXXX % Moisture
Ran By Hydrometer Analysis Sieve Time
Cylinder No. Specific Gravity Dispersing Agent
Dish No. Date Amount ml Date Calibrated
Clock Test Temp. °C Hyd. Hyd.* Corr. % of Total | Particle
Time Time Read Corr. Read Passing Diameter
Start Mix XXXXX | XXXXX | XXXXX [ XXXXX XXXXX | XXXXX
Stop Mix XXXXX | XXXXX | XXXXX | XXXXX XXXXX | XXXXX
0.5 Min.
1.0 Min.
4.0 Min.
19 Min.
60 Min.
7 Hr 15 Min.
25 Hr 45 Min.
Gravel % Sand % Silt-Clay % | Storage Location

* Correction includes temperature, meniscus and de-flocculent
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PR-5 GRADATION TEST RESULTS

Technician Project No.
Sample Id. Date Screened
Approved By Date
BOUL-| COB- GRAVEL SAND FINES
DERS | BLES | coarse| fine [coarsq medium fine silt sizes clay
QQ T id oS <€ cooccE S
¥ dD =5 o ¥ % O§F $I¥Rfgy §
100 . -
90
80
70
=
(@)
‘© 60
=
>
o]
.GEJ 50
=
(B}
© 40
O]
o
30
20
10
O T 1
1000 100 0 1 0.1 0.01 0.001
Grain diameter in millimeters
Remarks
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Technician

Approved By

PR-11 SUMMARY of LABORATORY TEST RESULTS

Date

Material Tested

Project No.

Sample
Number

Moisture
Content %

Dry Density pcf

Gradation

Gravel %

Sand %

% Passing No.
200 Sieve

Atterberg Limits

Liquid Limit

Plasticity Index

Soil Type

Comments
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1.0

2.0

METHODOLGY

1.1 Scope

These procedures are to be used to determine the laboratory moisture content in soils,
aggregates and soil-aggregate mixtures.

1.2 Procedure

The moisture contents shall be in accordance with the procedures described in the most
recent version of ASTM D2216. ASTM D4643 may be utilized after a correlation factor
has been established between the two methods.

1.3 References

1. Annual Book of ASTM Standards, VVolume 04.08

REPORTING

2.1 Forms

The following forms or approved equivalents shall be used for all sampling activities
associated with this procedure.

. PR-6 Moisture and Density Worksheet
. PR-11 Summary of Laboratory Test Results

2.2 Records

The original of the sampling reports shall be maintained in the Project File. Copies shall be
available upon request.
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Technician

PR-6 MOISTURE CONTENT WORKSHEET

Approved By

| ASTM D2216 []

ASTM D4643 []

| Sample No.

| Dish No.

| Wt. of Dish & Wet Soil

| Wt. of Dish & Dry Soil

| Wt. of Dish

| Wt. of Water

| Wt. of Dry Soil

% Moisture

| ASTM D2216 []

| ASTM D4643 []

Sample No.

Dish No.

| Wt. of Dish & Wet Soil

| Wt. of Dish & Dry Soil

Wt. of Dish

Wt. of Water

| Wt. of Dry Soil

| % Moisture

| ASTM D2216 []

| ASTM D4643 []

| Sample No.

Dish No.

Wt. of Dish & Wet Soil

| Wt. of Dish & Dry Soil

| Wt. of Dish

Wt. of Water

Wt. of Dry Soil

| % Moisture

Remarks

Project No.
Date

| ASTM D2216 []

ASTM D4643 []

| Sample No.

| Dish No.

| Wt. of Dish & Wet Soil

| Wt. of Dish & Dry Soil

| Wt. of Dish

| Wt. of Water

| Wt. of Dry Soil

% Moisture

| ASTM D2216 []

ASTM D4643 [] |

Sample No.

Dish No.

| Wt. of Dish & Wet Soil

| Wt. of Dish & Dry Soil

Wt. of Dish

Wit. of Water

| Wt. of Dry Soil

| % Moisture

| ASTM D2216 []

ASTM D4643 [] |

| Sample No.

Dish No.

Wit. of Dish & Wet Soil

| Wt. of Dish & Dry Soil

| Wt. of Dish

Wt. of Water

Wt. of Dry Soil

| % Moisture
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Technician

Approved By

PR-11 SUMMARY of LABORATORY TEST RESULTS

Date

Material Tested

Project No.

Sample
Number

Moisture
Content %

Dry Density pcf

Gradation

Gravel %

Sand %

% Passing No.
200 Sieve

Atterberg Limits

Liquid Limit

Plasticity Index

Soil Type

Comments
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1.0

2.0

METHODOLGY

1.1 Scope

These procedures are to be used to determine liquid limit, plastic limit and the plasticity
index of fine-grained soils.

1.2 Procedure

The tests shall be performed in accordance with the procedure described in the most
current version of ASTM D4318.

1.3 References

1. Annual Book of ASTM Standards, VVolume 04.08

REPORTING

2.1 Forms

The following forms or approved equivalents shall be used for all sampling activities
associated with this procedure.

o PR-7 Atterberg Limits Worksheet
e  PR-11 Summary of Laboratory Test Results

2.2 Records

The original of the sampling reports shall be maintained in the Project File. Copies shall be
available upon request.
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PR-7 ATTERBERG LIMITS WORKSHEET

Technician Project No.
Approved By Date
Material Sampled

Plastic Limit
| Test Number | 1 | 2 | 3 | 4 | 5 | 6 |
| Dish No. | | | | | | |
| Wt. of Dish & Wet Soil (g) | | | | | | |
| Wt. of Dish & Dry Soil (g) | | | | | | |
| Wt. of Dish (g) | | | | | | |
| Wt. of Dry Soil (g) | | | | | | |
| Wt. of Water (g) | | | | | | |
% Moisture
Liquid Limit
| Test Number | 1 | 2 | 3 | 4 | 5 | 6 |
| Dish No. | | | | | | |
| No. of Blows | | | | | | |
| Wt. of Dish & Wet Soil (g) | | | | | | |
| Wt. of Dish & Dry Soil (g) | | | | | | |
[ W of Dish (g) | | | | | | |
| Wt. of Dry Soil (g) | | | | | | |
| Wt. of Water (g) | | | | | | |
% Moisture

Liquid Limit Factors from

Water Content & No. of Drops Causing Closure
: No. ofNDrops Liquid Lir|:1it Factor

20 0.074

21 0.979

9 1 22 0.985

= 23 0.990

g . 24 0.995

8 . 75 T.000

® . 76 T.005

B ' 27 T.009

3 . 78 1014

\ 29 T.018

\ 30 T.022

Results
. . TC
10 20 25 Ngoof Blows,‘l‘r\lo 50 60 100 E:‘
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Technician

Approved By

PR-11 SUMMARY of LABORATORY TEST RESULTS

Date

Material Tested

Project No.

Sample
Number

Moisture
Content %

Dry Density pcf

Gradation

Gravel %

Sand %

% Passing No.
200 Sieve

Atterberg Limits

Liquid Limit

Plasticity Index

Soil Type

Comments
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1.0 METHODOLGY

1.1 Scope

The procedure is to determine the classification of soils for engineering purposes in accordance with
the Unified Soils Classification System based on particle size and Atterberg Limits (liquid limit and
plasticity index) of the soil.

1.2 Procedure

Classification of soils shall be performed in accordance with the most current version of ASTM
D2487. Quality Control Procedures QC-PR-3 and QC-PR-5 shall be used to determine the
classification parameters necessary to classify the materials according to the Unified Soil
Classification System.

1.3 References

1. Annual Book of ASTM Standards, VVolume 04.08

2.0 REPORTING

2.1 Forms

The soils classification shall be recorded on Form PR-11, Summary of Laboratory Test Results or
approved equivalent.

2.2 Records

The original of the sampling reports shall be maintained in the Project File. Copies shall be
available upon request.
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Approved By

PR-11 SUMMARY of LABORATORY TEST RESULTS

Material Tested

Project No.
Date

Sample
Number

Moisture
Content %

Dry Density pcf

Gradation

Gravel %

Sand %

% Passing No.
200 Sieve

Atterberg Limits

Liquid Limit

Plasticity Index

Soil Type

Comments
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1.0

2.0

METHODOLGY

1.1 Scope

The procedure is to be used to determine the relationship between water content and dry unit weight
of soils. (compaction curve).

1.2 Procedure

The procedure for performing this test shall be in accordance with the most current version of
ASTM D698. Correction for unit weight and water content of soils containing oversize particles
shall be determined in accordance with the current version of ASTM D4718.

1.2.1 One-point Proctors will be obtained and used as tool to determine whether the proctor being
used for calculation of field compaction is representative of the material(s) being tested. If the dry
density of the one-point is within + 3 percent of the Proctor value being used, this provides adequate
confirmation of the field compaction. If the dry density is greater than + 3 percent of the proctor
value, recalculation of the field compaction test will be required using a new Proctor value as
established in Section 1.2. One-point Proctors will be performed in accordance with ASTM D698
also.

1.3 References

1. Annual Book of ASTM Standards, VVolume 04.08
REPORTING

2.1 Forms

The following forms or approved equivalent shall be used to record test results of laboratory
compaction tests:

. PR-8 Laboratory Compaction Test Worksheet

. PR-9 Rock and Moisture Correction Calculation Worksheet
. PR-10 Moisture Density Relationship

. PR-11 Summary of Laboratory Test Results

2.2 Records

The original sampling reports shall be maintained in the Project File. Copies shall be available upon
request.
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PR-8 LABORATORY COMPACTION TEST WORKSHEET

Technician

Approved by

Material Sampled

Project No.

Date

GRADATION for COMPACTION METHOD SELECTION

Sieve Size

3/14”

3/8”

#4

-#4 Total

Weight Retained

% Retained

Cumulative % Retained

Sample No.

Sample Description

ASTM D698 ]

TEST DATA

Method: A B C Other

Point Number

2

3

Amt. Of Water Added, Vol.

Wt. of Mold and Wet Soil

Wt. of Mold

Wt. of Wet Soil

Wet Density, pcf

Dish Number

Weight of Dish & Wet Soil

Weight of Dish & Dry Saill

Weight of Dish

Weight of Water

Weight of Dry Sail

Moisture Content, %

Dry Density, pcf

Remarks
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PR-9 ROCK and MOISTURE CORRECTION CALCULATIONS

Technician

Approved By

Sample No. Material

Project No.

Date

Field Unit Dry Weight

Field Moisture Content

Total Wet Weight of Correction Sample
Wet Weight of Oversized Fraction

Wet Weight of Finer Fraction

Specific Gravity of Oversized Material

SSD Moisture Content of Oversized Material
Laboratory Max. Dry Density (Finer Fraction)
Optimum Moisture Content (Finer Fraction)

% Wet Oversize Fraction

% Wet Finer Fraction

% Dry Oversize Fraction

% Dry Finer Fraction

Corrected Moisture Content (Finer Fraction)
Corrected Dry Unit Weight (Finer Fraction)
Corrected % Compaction

Deviation from Optimum Moisture Content

Remarks
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PR-10 MOISTURE DENSITY RELATIONSHIP

Technician Project No.
Approved By Date
Sample No. Material
Method % Oversized Specific Gravity

o

O

a

>_

=

N

Z

L

a)

>_

o

@)

MOISTURE CONTENT (%)

Maximum Dry Density pcf Opt. Moisture Content %
Corrected Max. Density * pcf Corrected Opt. Moisture Content * %
Liquid Limit Plasticity Index

Gravel % Sand % Silt & Clay %

* Corrected Density and Moisture by ASTM D4718
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PR-11 SUMMARY of LABORATORY TEST RESULTS

Material Tested

Project No.
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Sample
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Moisture
Content %

Dry Density pcf

Gradation

Gravel %

Sand %

% Passing No.
200 Sieve

Atterberg Limits

Liquid Limit

Plasticity Index

Soil Type

Comments
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1.0 METHODOLGY

1.1 Scope

The test procedures are to be used to determine the density of in-place soils, aggregates or a
combination of these materials.

1.2 Procedure

Tests shall be conducted in accordance with the most recent version of the Standard ASTM test
procedures referenced below. Compaction shall be based on the percent of field maximum dry
density versus the laboratory maximum dry density as established in Procedure QC-PR-7 for the
correlative material type. All compaction tests shall be performed for each material type and at
frequencies in accordance with the Specifications.

1.2.1 Nuclear Gauge Method

e ASTM D2922; Density of Soil and Soil-Aggregate in Place by Nuclear Methods
(Shallow depth).

e ASTM D3017; Water Content of Soil and Rock in Place by Nuclear Methods (Shallow
depth).

1.2.2 Sand Cone Method

e ASTM D1556; Density and Unit Weight of Soil in Place by the Sand-Cone Method.
e ASTM D2216; Laboratory Determination of Water (Moisture) Content of Soil and Rock.
e ASTM D4643; Determination of Water (Moisture) Content of Soil by the Microwave
Oven Method.
1.3 References
1. Annual Book of ASTM Standards, VVolume 04.08
2.0 REPORTING
2.1 Forms

The following forms or approved equivalent shall be used to record test data and results.

. PR-12 Nuclear Density Test Data
. PR-13 Field Density Tests (Sand Cone)

2.2 Records

The original sampling reports shall be maintained in the Project File. Copies shall be available upon
request.
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Technician

PR-12 NUCLEAR DENSITY TEST DATA

Project No.

Approved By

Material

Standard Count - Density

Date

Moisture

Test No.

Station

Offset

Elevation

Mode & Depth

Moisture Count

Density Count

Wet Density

Dry Density

% Compaction

Moisture

% Moisture

Standard Density (max.)

Optimum Moisture

Moisture Correction

Moisture Variation + from Optimum

Specified Degree of Compaction

Remarks
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PR-13 FIELD DENSITY TESTS (SAND CONE)

Technician

Approved By

Material

Project No.
Date

Ground Surface Calibration
Weight of Jar () Full of Sand

Weight of Jar () After Surface Calibration

Weight of Sand Used, Gs

Soil Density
Weight of Soil + Can ()

Weight of Can ()

Weight of Soil, W

Weight of Jar () before use, WJ1
Weight of Jar () after use, WJ2
Weight of Sand Used, (WJ1 - WJ2) = SU
Weight of Sand in Cone, Gs

Weight of Sand in Hole, (SU - Gs) = SW
Density of Standard Sand, Gamma (pcf)
Volume of Hole, (SW / Gamma) = Vh
Wet Density, (W / Vh) = Gyet

Dry Density, (Gwet / (1+ %W)) = Gary

Moisture Content

Weight of Wet Soil + Pan ()
Weight of Dry Soil + Pan ()
Weight of Pan ()

Weight of Water, Ww

Weight of Dry Soil, Wd

Water Content, (Ww / Wd) = %W
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1.0

2.0

METHODOLGY

1.1 Scope

The procedure is to be used to determine the thickness of compacted soil layers during dam
construction and clay placement.

1.2 Procedure

Continuous monitoring and surveying of placed materials using standard survey methods during
construction shall be the preliminary means of verifying that lifts are being placed in accordance
with the Specifications. The thickness of compacted soil layers will be checked at random locations
by either drilling or excavation pits to verify survey data. After the layer of clay or fill has been
placed and compacted, a hole will be drilled or a pit excavated. Lift thickness shall be measured by
taping the distance from a straight-edge placed across the top of the hole or pit to the bottom of the
cavity. All measurements shall be made to the nearest 100" of a foot. Prior to placing the straight-
edge across the top, all loose surface soils shall be removed to expose a firm base.

1.3 References

1. Surveying Theory and Practice, Sixth Edition, 1981, Davis, Foote, Anderson and Mikhail

REPORTING

2.1 Forms

Field data notebooks containing raw survey data shall be maintained in the Project Files. Direct
measurement data shall by systematically recorded and incorporated in the construction verification
program using PR-1 or an approved equivalent.

2.2 Records

The original sampling reports shall be maintained in the Project File. Copies shall be available upon
request.
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PR-1 CONSTRUCTION ACTIVITIES REPORT Project No.:

Technician: Date:

Approved By: Daily Report No.: Sheet of
Weather Conditions and Temperature:

Equipment:

Construction Activities and Observations:
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1.0 METHODOLGY

1.1 Scope

The procedure is used to determine the integrity of field seams used in joining sheets of High
Density Polyethylene (HDPE) liners by destructive and nondestructive testing.

1.2 Procedure

1. All testing shall be in accordance with the standardized procedures described in the most current
version of ASTM D4437. Preparation of test samples shall be in accordance with ASTM D618.

2. Destructive testing will include peel and sheer tests as presented in the above-referenced
standards. In either case, a failed test occurs when the weld fails and a passing test occurs when
the fabric fails first.

3. All field seams will be continuously inspected visually.

4. All field seams shall be tested by The Vacuum Box test or Air Pressure test, dependent on the
welding method.

5. Any seams or weld found to be defective by destructive, nondestructive testing or visually, shall
be marked and repaired in accordance with the manufacturer’s recommendations.

6. All repairs shall be tested.
1.3 Reference

Annual Book of ASTM Standards, VVolumes 04.08 and 04.09

2.0 REPORTING
2.1 Forms
The following forms or approved equivalent shall be used to record test data and results.

. PR-1 Construction Activities Report

o PR-14 Panel Placement Log

. PR-15 Geomembrane Field Trial Log

o PR-16 Geomembrane Seaming Record

. PR-17 Geomembrane Seam Air Pressure Test Log

o PR-18 Repair Log

. PR-19 Geomembrane Seam Destructive Sample Log

2.2 Records

The original sampling reports shall be maintained in the Project File. Copies shall be available upon
request.
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PR-1 CONSTRUCTION ACTIVITIES REPORT Project No.:

Technician: Date:

Approved By: Daily Report No.: Sheet of
Weather Conditions and Temperature:

Equipment:

Construction Activities and Observations:
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PR-14 PANEL PLACEMENT LOG

Technician Project No.

Approved By Date

Liner Type Primary [ | Secondary[ ] Page of

Panel No. Date Time Roll No. Width (ft.) Length (ft.) Area (Sq. Ft.)
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PR-15 GEOMEMBRANE FIELD TRIAL LOG

Technician Project No.
Approved By Date
Liner Type Primary [ | Secondary [ ] Page of
Project Seam Requirements: Fusion - Peel ppi Shear ppi
Project Seam Requirements: Extrusion - Peel ppi Shear ppi
Sample Date Time Amb. Welder Id. Wedge Extruder Seam Strength Passor | Ins Remarks
p
Temp. Mach. Oper. Temp./ | Temp./ Peel ppi | Shear ppi Fail Id.

Speed | Pre-Heat | IN/OUT
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PR-16 GEOMEMBRANE SEAMING RECORD

Technician Project No.
Approved By Date
Liner Type Primary [ | Secondary [ ] Page of
Seam = Seaming Record
Panel No./ Length Date Temperature Nondestructive Test
Panel No. Welded Time Welder Machine No. Machine Ambient Machine Speed Pass/Fail

Operator
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PR-17 GEOMEMBRANE SEAM AIR PRESSURE TEST LOG

Technician Project No.
Approved By Date
Liner Type Primary [ | Secondary [ ] Page of
Seam = Pressure Test
Panel No./ Start Location End Location Date/Time
Panel No. Pressure Tester Id. Pass/Fail Tested
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PR-18 REPAIR LOG

Technician Project No.

Approved By Date

Liner Type Primary [ | Secondary [ ] Page of

Repair | Defect | Repair Approx. Repair Approx. Repair Vacuum Test
No. Code Date Location / Panels Time Type Dimensions Tech. Inspector | P/F Date
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PR-19 GEOMEMBRANE SEAM DESTRUCTIVE SAMPLE LOG

Technician Project No.
Approved By Date
Liner Type Primary [ | Secondary [ ] Page of
Project Seam Requirements: Fusion - Peel ppi Shear ppi
Project Seam Requirements: Extrusion - Peel ppi Shear ppi
Seam = Field Test Results Lab Test

Panel No. / Date Inspector Peel, ppi Shear, ppi Pass/ Results
Sample Panel No. Removed Id. IN/OUT Fail Pass/Fail Remarks
Describe Sample Location
Describe Sample Location
Describe Sample Location
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D.1  Table 5.5-7 Radiological Environmental Monitoring Program — Operational
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Table 5.5-7

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM - OPERATIONAL

Type of SAMPLE COLLECTION AND MEASUREMENT
Sample No. Location Method and Frequency | Test Frequency | Type of
Measurement
Air stack 1 Ore dump point stack | Semi-annual grab sample | Semiannually Natural uranium
particulates Th-230, Ra-226,
Pb-210 and flow
rate
1 Yellowcake Dryer Isokinetic sample Quarterly Natural uranium,
and packaging stack Th-230, Ra-226,
and Pb-210
Quarterly Flow rate
Environmental | 3 At site boundaries & | Continuous; weekly filter | Quarterly Natural uranium,
particulates in different sectors change or as required by | composited Th-230, Ra-226,
having highest dust loading and Pb-210
predicted
concentrations
1 At nearest residence - | Continuous; weekly filter | Quarterly Natural uranium
Ticaboo change or as required by | composited Th-230, Ra-226,
loading and Pb-210
1 Control location Continuous; weekly filter | Quarterly Natural uranium,
change or as required by | composited Th-230, Ra-226,
dust loading Pb-210
Radon 5 Same as for air Continuous Track Etch Quarterly Rn-222
particulates
Groundwater 4, (*11) Down-groundwater- | Semiannually Semiannually Natural uranium,
flow gradient As, Cl,
monitoring wells Se, pH
(RM-2R, RM-7, RM-
14, RM-18, RM-19)
(*RM-23 through
RM-32)
1 Groundwater under Annually Annually Rate and direction
tailings of flow
1 up-gradient control Semiannually Semiannually Natural uranium,
well (RM-1, RM-12) As, CI, Se, pH
Surface water None N/A N/A N/A N/A
Direct radiation | 5 Same as for air TLDs Quarterly Gamma
particulate samples
Vegetation 1 Animal grazing areas | Annual grab sample in Hold sample Th-230, Ra-226,

Plateau Resources Limited, Source Material License
No. SUA-1371, NRC Docket No 40-8698, March 1, 1996

5-22

Plateau\Permits\SUA-371\1996\Sec5

Revision 04/17/97

Compiled Application 02/02/98
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Table 5.5-7
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM - OPERATIONAL
Type of SAMPLE COLLECTION AND MEASUREMENT
Sample No. Location Method and Frequency | Test Frequency | Type of
Measurement
downwind of mill spring growing season for lyr; Pb-210
Analyze only if
required
Soil 5 Same as for air Annual grab samples Annually Natural uranium
particulate samples
Th-230, Ra-226
Instrument All instruments N/A Semiannually or at mfg's | Voltage Instrument
calibration in use suggested intervals, plateau® response
whichever is sooner Pulse
Source
Instrument Environmental N/A Quarterly Quarterly Flow rate
calibrations air samplers
Surface N/A Tailings Daily, Monthly, N/A Examination
Evaluations Impoundment Quarterly, Per SOP Measurements
Surveys
Meteorology 1 Continuously; wind N/A N/A
speed & direction
Trend analyses | Routine N/A Annually N/A N/A
monitoring
programs
Reports 1 N/A Semiannually effluent N/A N/A
monitoring report
Quality N/A N/A Semiannually N/A N/A
assurance audit
Wildlife N/A Tailings Daily Visual N/A Record
Impoundment Observations
Security N/A Mill & Tailing Inspection 24 hr. Visual
Facility
* = Wells to replace wells RM-7, RM-18 and RM-19 prior to construction of Cell 2.

WWhere electrodes are accessible

5-23
Plateau\Permits\SUA-371\1996\Sec5
Revision 04/17/97
Compiled Application 02/02/98

Plateau Resources Limited, Source Material License
No. SUA-1371, NRC Docket No 40-8698, March 1, 1996
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D.2 Table 5.5-8 Interim Environmental Monitoring Program
(Mill not operational for 30 days or more)
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Table 5.5-8

INTERIM ENVIRONMENTAL MONITORING PROGRAM

(Mill not operational for 30 days or more)

Type of Sample Collection and Measurement
Sample No. Location Method and Frequency Test Frequency Type of
Measurement
Air 1 Downwind of 20 hrs/quarter Semiannually Natural uranium
particulates impoundment and ore composited and Ra-226
stockpiles
Radon None N/A N/A N/A N/A
Water - 4, (*11) Down-groundwater-flow Semiannually Semiannually Natural uranium,
Groundwater gradient monitoring wells As, Cl Se, pH
(RM-2R, RM-7, RM-14,
RM-18, RM-19) (*RM-23
through RM-32)
Water - None N/A N/A N/A N/A
Surface
Water
(Seeps)
Direct None N/A N/A N/A N/A
Radiation
Soil None N/A N/A N/A N/A
Vegetation None N/A N/A N/A N/A
Instrument All N/A Semiannually or at mfg's Voltage plateau*
calibrations instruments suggested intervals, Pulse
in use whichever is sooner Source
Surface N/A Tailings Impoundment Monthly & Yearly Per SOP N/A Examination
Evaluations Measurement
Surveys
N/A Ore stockpiles Monthly N/A N/A
Meteorology | None N/A N/A N/A
Trend Routine N/A Annually N/A N/A
analyses monitoring
program
Reports 1 N/A Semiannually effluent N/A N/A
monitoring report
Audit 1 N/A Annually ALARA N/A
Security N/A Mill & Tailing Facility Inspection Daily Visual

* = Wells to replace wells RM-7, RM-18 and RM-19 prior to construction of Cell 2.

A\Where electrodes are accessible.

Plateau Resources Limited, Source Material License
No. SUA-1371, NRC Docket No 40-8698, March 1, 1996
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D.3 Table 3-1 Basic Data for the Shootaring Wells and Piezometers
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TABLE 3-1. BASIC DATA FOR THE SHOOTARING WELLS AND PIEZOMETERS.

CASING TOTAL MP WATER LEVEL SLOTTED SAND  PUMP
WELL NORTH. EAST. DIAMETER DEPTH STICKUP ELEV. DEPTH ELEVATION CASING PACK INTAKE
NAME COORD. COORD (in) (ft-mp) (ft)  (ft-msl) (ft-mp)  (ft-msl) (ft-Isd)  (ft-Isd) (ft-mp)
WELLS
OW1A 57140 63730 1.0 300.0 0.2 447253  239.40  4233.13  200-300 -
OW1B 57140 63730 1.0 798.0 1.9 447423 44973 402450  648-798 -
OW2 57094 63667 1.0 300.0 0.2 447070 22850 424220  200-300 -
OW3 57046 63659 1.0 798.0 2.3 4470.78  452.85  4017.93  650-798 -
OW4 57035 63707 1.0 570.0 2.3 447254 23048  4242.06  435-570 -
RM1 59307 61827 3.0 487.0 2.2 444920 17650  4272.70  220-480  157-487 225
* RM2 57731 63040 3.0 520.0 1.6 4519.76  258.25 426151  260-520  250-520 -
RM2R 57924 63142 5.0 300.0 1.2 4504.86  243.40  4261.46  250-300  242-300 273
* RM3 57193 60647 6.0 540.0 1.8 446132  214.80 424652  230-540  190-540 246
* RM4 56472 61099 3.0 500.0 3.5 439550  155.80  4239.70  190-490  115-500 176
* RM4R 56358 61086 5.0 160.0 1.0 4368.32  128.60  4239.72  110-160  105-160 157
* RM5 56416 61286 3.0 440.0 3.6 4379.12  140.30  4238.82  150-430  130-440 172
* RM6 56348 61481 3.0 460.0 2.3 437457 13650  4238.07  175-455  110-460 174
RM7 57904 61645 3.0 219.5 2.2 4395.86  140.30  4255.56  187-217  177-217 200
RM8 57204 61576 3.0 79.1 3.1 4381.77  58.10 4323.67 57-77 47-77 75
* RMO 56767 61363 3.0 82.8 1.2 4369.31  61.30 4308.01 62-82 52-82 80
* RM10 56286 61272 5.0 99.0 2.0 434357  95.30 4248.27 57-97 53-97
* RM11 56594 60769 5.0 240.0 2.0 4436.14 18470  4251.44  140-180 5-180 220
180-240# -
RM12 59477 61791 5.0 157.0 1.3 441595  142.90  4273.05  117-157  110-157 156
* RM13 56648 61996 5.0 270.0 2.0 443481  189.60 424521  140-180 5-180 219
180-270# -
RM14 58419 61368 5.0 260.0 15 4450.84  191.30  4259.54  134-174  127-174 253
174-260# -
* RM15 56311 61354 5.0 460.0 1.9 434375  107.70  4236.05  379-459  95-459 157
* RM16 56615 60772 5.0 296.0 1.2 4434.95  194.60  4240.35  246-296  240-296 225
* RM17 56636 61993 5.0 290.0 0.7 443358  190.00 424358  240-290  235-290 218
RM18 57833 61851 5.0 243.3 1.3 442156  163.80  4257.76  162-242  149-242 232
RM19 58077 61524 5.0 236.3 1.3 4409.50  152.30  4257.20  155-235  139-235 219
RM20 57208 61592 5.0 212.6 1.6 4380.83  129.70  4251.13  131-211  120-212 201
RM21 57843 61851 5.0 141.3 1.3 4421.64 Dry 4280.34  110-140  100-140  --
RM22 58088 61513 5.0 120.8 0.8 4410.52 Dry 4289.72 90-120 80-120
WW1 57144 63677 6.0 870.0 2.8 4454.79 635-870# -
WW2 56562 63086 6.0 1000.0 3.4 447161 602-1000# -
TAILINGS WELLS
T4 58456 61953 2.0 20.0 1.2 4431.20 Dry 441120  12.9-17.9  10-18
5 58371 61891 2.0 10.0 2.5 4425.00 Dry 4415.00 2.5-7.5 0.7-8
T6 58133 61801 2.0 11.7 2.9 4429.00 Dry 4417.30 3.8-8.8 1-9
PIEZOMETERS
pz1 56598 61022 1.0 87.0 1.8 4434.51 75-85 2-85
Pz2 56580 61327 1.0 88.0 1.7 4434.74 76-86 3-86
PzZ3 56564 61575 1.0 88.0 1.9 4435.34 76-86 3-86
* pz4 56271 61383 1.0 25.0 1.7 4347.17 Dry 4320.92 13-23 2-23
* PZ5 56301 61275 1.0 25.0 1.8 4344.79 Dry 4318.49 13-23 1-23
3-10
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TABLE 3-1. BASIC DATA FOR THE SHOOTARING WELLS AND PIEZOMETERS.

CASING  TOTAL MP WATER LEVEL SLOTTED SAND PUMP
WELL NORTH. EAST. DIAMETER DEPTH STICKUP ELEV. DEPTH ELEVATION CASING PACK INTAKE
NAME COORD. COORD (in) (ft-mp) (ft)  (ft-msl) (ft-mp)  (ft-msl) (ft-Isd)  (ft-Isd) (ft-mp)
* pz6 56332 61167 1.0 25.0 1.6 4362.50 Dry 4336.90 13-23 223

NOTE: Wells RM1 through RM6, RM15 through RM17, OW1A and OW2 are completed in the Entrada Aquifer
Wells RM2R, RM4R, RM7 through RM14 and PZ4 through PZ6 are completed in the Upper Entrada Sandstone
Wells WW1, WW2, OW1B and OW3 are completed in the Navajo Aquifer
Well OW4 is completed in the Carmel Aquitard
Piezometers PZ1 through PZ3 are Dam Piezometers

mp = measuring point; Isd = land surface datum; msl = mean sea level
# = open hole
* = Abandoned Well

Above data compiled from physical measurements, records and site surveys.
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E.1  Ore Pad Study, December 11, 1998
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Corporate Offices: Tel: (307) 856-9271

877 North 8th West, Riverton, WY 82501 Fax: (307) 857-3050
Shootaring Operations: Tel: (801) 788-2120

Box 2111; Ticaboo, Lake Powell, UT 84533 .. Fax: (801)788-2118

December 11, 1998

State of Utah

Department of Environmental Quality
Division of Radiation Control

168 North 1950 West

Salt Lake City, Utah 84114-4850
Attn. Mr. Rob Herbert

Re: Shootaring Canyon Uranium Mill, Ore Pad Study

Dear Rob:

As per your request, Plateau conducted a study of the surface material on the Ore Pad. This study was to
| determine the hydraulic conductivity of the surface material. On September 17, 1998 three samples were
collected and composited into one sample for testing. The samples were collected at a depth of two to
twelve inches. The composite sample was sent to Inberg-Miller Engineers for laboratory testing. On
December 7 additional data was collected as to the total depth of the surface material. Five areas on the Ore
’ Pad were tested and found to have a depth of 12 to 14 inches of clay material on a couple inch gravel base.

The sample was prepared to optimum moisture of 95 % maximum density. The 95 % density was used as it
will be most representative of ore pad operating conditions. Ore pad operating conditions will include the
use of heavy equipment and water for dust control. The compaction effect of these operating conditions
will produce at least the 95 % maximum density used in the laboratory test.

The use of any other ore pad surface material, such as, concrete or asphalt, is not easy to maintain and
Plateau will continue to use the clay prepared base for the ore pad. Attached is the November 19, 1998

laboratory report. The results are; optimum moisture of 12.5 percent, maximum density of 94.4 percent and
hydraulic conductivity of 3.7 x E-6 cm/sec.

Should you have any questions please contact me at the Riverton office.

Sincerely,
Plateau Resources Limited

F. R. Craft - _

Enclosure
xc: File
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INBERG-MILLER ENGINEERS

124 EAST MAIN STREET RIVERTON, WYOMING 82501-4387 307-856-8136

November 19, 1998 -7664-RX

U.S. Energy Corp./Crested Corp.
877 N. 8th West
Riverton, WY 82501

ATTENTION: FRED CRAFT

RE: MOISTURE-DENSITY RELATIONSHIP
AND PERMEABILITIES
ORE PAD
SHOOTARING CANYON DAM SITE

Gentlemen:

This letter transmits the results of moisture-density relationships and hydraulic conductivity
(permeability) testing that we performed in accordance with our November 21, 1996, Service
Agreement and Proposal and Amendment No. 1 dated January 2, 1998.

Samples were collected from three locations on the northwest areas of the ore pad at the above
project site. Each sample, approximately 1/6 of a cubic foot, was collected at depths between 2
and 12 inches below the ground surface. Samples were collected by U.S. Energy personnel and
delivered to Inberg-Miller Engineers for testing. Two laboratory soil tests performed:

1. Moisture-Density Relationship (ASTM D698)
2. Measurement of Hydraulic Conductivity (ASTM D3084) Method B

Measurement of the hydraulic conductivity included preparing a sample with an initial diameter
of 2.432 inches and length of 2.394 inches, a dry density of 108.5 pounds per cubic foot (pcf)
and a moisture content of 11.9 percent. A graphic representation of the moisture-density
relationship as determined by a Standard Proctor analysis is included with this letter. The
results indicate an optimum moisture content of 12.5 percent and a maximum dry density of
115.0 pcf. Laboratory tests resulted in a hydraulic conductivity of 3.7 x 10° cm/sec.
Accordingly, the sample density is 94.4 percent of the ASTM D698 maximum density.
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U.S. Energy Corp./Crested Corp. 7664-RX

November 19, 1998
Page Two

We appreciate the opportunity to participate on this project. If you have any questions with the
contents of this letter or enclosures or if we can be of additional assistance, please contact us.

Sincerely,

INBERG-MILLER ENGINEERS

: oM
| Jetfrey A-/Young

Civil Engineer
: JAY:cag: 1\ 7664-rx Itr

Enclosure as stated
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MOISTURE-DENSITY ANALYSIS
PROJECT: SHOOTERING DAM TEST DATE: 89-28-98
JOB NO.: 7664 RX TESTED BY: JMR
CLIENT: U.S. ENERGY TEST METHOD:STANDARD PROCTOR
140 v \
\ \ N, LINES OF 100% SATURATION
\\\ \
130 \\\\\
NN
2 N\
g 120 \\‘\ N
o \\ \
b
E AN
2 i AN
=
& 110 \\ \\\\\
8 NN 35=2.80
™~ \Gs=z.7o .
100 Gs = 2.60
80
0 4 8 12 16 20 24
WATER CONTENT (%)
SAMPLE NO.: _ 1 SOIL DESCRIPTION: _Red to Brown, Silty,
SAMPLED BY: CLNT Fine Sand
DEPTH: 0.00 SOURCE: On Site
PASSING #200 SIEVE: %
LIQUID LIMIT: OPTIMUM WATER CONTENT: 12.5 %
PLASTICITY INDEX: MAXIMUM DRY DENSITY: 115.0 pcf

INBERG-MILLER ENGINEERS
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CLAY BORROW MATERIAL
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F.1

F.2

APPENDIX F
TABLE OF CONTENTS
Permeability Atterberg Limits, Gradation and Moisture-Density for the Alternate Clay
Source by Inberg-MillerEngineers, September20,2005, (6 pages)

Discussion of Alternate Source Clay Properties by Inberg-MillerEngineers,
September20, 2005, (1 page)
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F.1  Permeability, Atterbert Limits, Gradation and Moisture-Density
for the Alternate Clay Source
by Inberg-Miller Engineers, September 20, 2005
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e INBERG-MILLER ENGINEERS

QUALITY SOLUTIONS THROUGH TEAMWORK

September 20, 2005 10223-RM

Mr. Fred Crafl E@EUVE

U.S. Energy Corporation
877 North 8™ West
Riverton, WY 82501

RE: SOIL TEST RESULTS
SHOOTERING CANYON MILL PROJECT m—nd

Dear Fred:

This letter transmits the results of laboratory testing that we performed on a sample of
claystone that you submitted to our Riverton, Wyoming laboratory.

Specifically, you requested that we perform classification tests consisting of Moisture-
Density Relationship (Standurd Proctor), Alterberg-Limits, and Particle Size Analyzis on 2
sub-samples of the claystone that you submitted. Further, you requested permeability
testing on 3 specimens re-molded from the claystone.

The claystone as submitted was hard, dry, and shale-like. The claystone rapidly softened
when submerged in water. The lests were performed on the claystone afier it was softened
to a soil-like consistency.

Refer to the attached test results. Note that the progress of permeability testing was slow
due to the low permeability of the remolded claystone (which had been remolded to 95
percent of the ASTM D698 maximum dry density). The permeability tests were terminated
when the volume of water measured ‘gassing through the sample was determined to
represent permeability on the order of 10°° centimeters/second or less.

Please call if you have any questions or require further information.
Sincerely,

INBERG-MILLER ENGINEERS

Gleth\M, Bobnick, P.E.

Geotechnical Engineer

Riverton QOffice

Enclosures as stated

124 Epst Main Strast 120 Eag *C" Street 350 Purdley Qoulewad 428 Alan Nord 520 Wilkss Drive, Suite 18
Riverton, WY g2t Caspar, WY 82601 Cheyanns, WY BEND? Pownl, WY 2238 Greeen Rives, WY 82935
307-856-8136 J07-577-0006 X B35 8627 307-754-7170 307-875-4384
ROT-HLE-HE 1 o) WIT-470-4402 (i) 307-635-2713 {taw) ANT-THA TOHY (Fux) A07 At 4494 Hany
riveroniAinberg-miiet.com cagperidinberg-miller com cheyerma@inba g-mtls vun POwsllGIINDSER-mitker. nam QrEanTIver@INtAIg-miler.com
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ATTERBERG LIMITS TEST
INBERG-MILLER ENGINEERS

ASTM D4318
——— .
CLIENT;{L.8. Energy S -
FROJECT-|Shootering Canyon Wil - . LT
JOB NO_| 10223 RM R
TEST DATE[83-05 o =
TESTED BY: DAL " P
SAMPLE NOS:[Sec. 16, A& G e )
SAMPLED BY.|Client i o] T
SOURCE: |57 So7 e
" :lu ENTRNIFH sl S 11, S | S S T
SAMPLE NO. A Pleatic (YINY?] ¥
PLASTIC LIMIT INFORMATION LIGUID LIMIT INFORMATION TEST RESULTS
TRIAL NO - 1 2 i 2 3 LD LT 50
Tare {Pan) No. 2P 3t PLASTIC LIMIT: 29
Tare (Pamy wt:]~ 13.83 2358 PLASTIC INDEX:| E1
Tare+Wel Soil Wt | 17.83 455 %uscs CLASSIFICATION:] ™ CH
Tare + Dry Soil YW 3514 ERROR MESSAGES
No. of Blows 25
PLRCENT MOISTURE: 8962% |
AVERAGE MOISTURE: 35627
SAMFLE HO. ¢ I Plastic (Y/N)7] Y
BLASTIC LIMIT INFORMATION LIQUID LIMIT INFORMATION TEST RESULTS
TRIAL NOY i 7 7 2 3 LOUID LMIT] 8D
Tare (Pan) No : [ 8L Prasc umiT | 28
Tare (Pamy Wi:f  14.55 23.76 PLASTIC INDEX:| 62
Tare + Wal Soil Wt:| 1751 48.1 USCS CLASSIFICATION:]  CH
Tara + Dry Soit Wi ;| 16.82 36.64 ERROR MESSAGES
No. of Blows; i 28
PERCENT MOISTURE:]  27.84% 50.20%
AVERAGE MOISTURE:! 27.94% 80 Z0%
SAMPLE NO. I Plaskic (YN)7]
PLASTIC LIMIT INFORMATION LIQUID LiMiT INFORMA TION TEST RESULTS
TRIAL NO - 1 2 i 2 3 LGUID LT
Tare (Pan) No: PLASTIC LIMIT:
Tare (Pan) Wi : PLASTIC INDEX
Tara + Wet Soil WE.: USGCS CLASSIFICATION:
Tare + Dry Soil Wt ERROR MESSAGES
No. of Blows: B
PERCENT MOISTURE:
AVERAGE MOISTURE:
SAMPLE NO. | Plastic (Y/N)?1
PLASTIC LIMIT INFORMATION LIGUID LIMIT INFORMATION “TEST RESULTS
TRIGL N - 1 Z 1 F) 3 TLIQUID LIMIT.
Tare (Pan) No.: PLASTIC LIMIT:
Tare (Pan) Wt PLASTIC INDEX:
Tare + Wet Soll wt.: USCS CLASSIFICATION:
Tare + Dry Soil We.: ERROR MESSAGES
No. of Blaws: }64
PERCENT MQISTURE:
AVERAGE MOISTURE:
[EANPILE NO. Blgstio (YINY7]
PLASTIC LIMIT INFORMATION LIKQUID LIMIT INFORMATION TEST RESULTS
TRIAL NG - 1 Fl 7 7 3 TIQUID LIMIT:
Tare (Pan) No.: PLASTIC LINIT:
Targ (Pan) Wt PLASTIC INDEX:
Tare + Wel Soil WiL: USCS CLASSIFICATION:
Tare + Dry Soil Wa.: ERROUR MERSAGES
No. of Blows:
PERCENT MOISTURE:
AVERAGE MQISTURE:
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SIEVE & HYDROMETER TEST ASTM D422

IME SAMPLE NO : c DATE RECEIVED: 5/6/1898
CLIENT: U.8. Energy TYPE OF SAMPLE Builic
CLIENT SAMPLE NO.: Sec. 16 Site Soil o
SO NFESCRIFPTION: Shale/Clay
Partivle Stec Analysis
IL V73 4 fat ne i foy #2006 HYDROMETER
100% » - ' [ ] Bt cporam P"")”-&. f—
i ’ﬁ‘t
l}ul%’ B R s LT —
ROY, \
0%
%
7 oon T
=
&
:q 30% J—
'L:‘
=
g d0% R B O R S
-
0 L o
20% 1 |- i
10%
0% !
100 10 1 il am 0a0M
Cirnin Size in Mitlimelers
GRAVI. . .. SAND ] SILT | cray |

Sleve 8ilze PARTIGLE PERCEN
SIZE {mm) FINER

1" 251000 100.0%
arg" 18,1000 100.0%:
12 12.7000 100.0%
3B B.5200 100.0'%
NO. 4 4.7600 100.0%
NOQL1D 2.0000 100.0%
NO. 16 T1.1900] 100.0%
NO. 30 0.6900 100.0%
NO. so 0.2870 88.4%
NO. 100 0.1460] 68.4%]
NO. 200 0.0740 a5 8%

0.0106 30.2%
0,0087 29.5%
Hydrometar 0.0039 28.7%

Range 0.0028 28.3%
0.0020 27.7%
0.0010 26.4%

0.0004 28.0%

Inberg-Miller Engineers
270 North American Road
Chayanne, WY 82007
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SIEVE & HYDROMETER TEST ASTM D422

IME SAMP! E NQ).:
CLIENT:
CLIENT SAMPLE NO :
50IL DESCRIPTION:
100% bpa
Y0¥
80% -
0%
"“:
Homs
;‘(_')\
0%
£
o
Bow
(
£
0%
0% Hr
1%
(Y%
100 10

A DATE RECEIVED: 5/6/1998
U.S. Energy TYPE OF SAMFLE Bulk
Bec. 16 Site Sail
Shale/Clay
i - llrm .., #100 JYTOROMETERR
my PO
T tiglg Sieo Xnn)}{;is o ‘w‘
."'-’""‘]—-19-4-__.‘___:.::‘_
Hzr, Ml d ———
1 0.1 6ol Q.00
Cirain Size in Millimeters

inberg Miller Englngera
270 North Americen Road
Ghayenne, WY 82007

Sieve Siza PARTICLE PERCENT
SIZE (mi) FINER

" 2540000 100.0%
34 19.1000 100.0%
1 12.7000]  100.0%
A 9.5200]  100.0%
NO. 4 478000 100.0%
NG, 10 2.0000 100.0%
NO. 16 11900 100.0%
NO. 30 {.5800 100.0%
NO. 50 0.2570 99.5%
NO. 100 a.1480 98.5%
NQ. 200 0.0740 95.0%
0.0106 31.8%

0.0067 31 5%

Hydrometer] 0,003 30.5%
Range 0,0028 30,3%
00020 25.4%

C 0.0010 28.1%

0.0004 2/.5%
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MOISTURE-DENSITY ANALYSIS

INBERG-MILLER ENGINEERS

CLIENT: 1.8, Energy SAMPLE NO.; 8¢e. 16, AC
PROJECT: Shootering Canyon Mill SAMPLIID BY: Client
JOBNO. 10223 RM TESTED BY : BIC
TEST DATE: 6-3-05 TEST METHOD: D 698-A

SOURCE: Site Soil
DESCRIPTION: Shale/Clay

X  Compaction Density
96
¢ Zero Air Voids Density
94 Lo rer]
&
- 92 oy
b >
3 e .
.“ S
g 80 T—-
=
>
W
g 86 - R
L4
Z b
82
80 .
28 28 30 Ky 32 33 34 35 36 37
WATER CONTENT (%)
OPTIMUM WATER CONTENT (%): 313
MAXIMUM DRY DEN. (LBS/CU. Ir): 85.7
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MOISTURE-DENSITY ANALYSIS

INBERG-MILLER ENGINEERS

CLIENT; U.5. Bnergy SAMPLE NO.: Sec. 16, #A
PRONCT: Shootering Canyon Mill SAMPLED BY: Clicnt
JOB NO. 10223 RM TESTED BY : BIC
TEST DATE: 6-3-05 TEST METHOD: D 698-A

SOURCE: Sile Soil
NESCRIPTION: Shale/Clay

96 T
X Compaction Density
¢ Zero Air Voids Density

94 i ey e ey
-~ 92 ' «
-
" kS
o 90 %
]
m 3 . -
< 1
> 88 ) -
e T
m -
o oss -
E y : “
0 AN

84 — . . m -

82

80

28 29 30 31 32 33 34 35 36
WATER CONTENT (%)
OPTIMUM WATER CONTENT (%): 32.0
MAXIMUM DRY DEN. (I.BS/CU. FT): 86.6
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F.2  Discussion of Alternate Source Clay Properties
by Inberg-Miller Engineers, December 7, 2005
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INBERG-MILLER ENGINEERS

December 7, 2005 10223-RM

RIVERTON . CASPER . CHEYENNE

POWELL . GREEN RIVER

Mr. Fred Craft
U.S. Energy

877 North 8" West D ECE UVE

Riverton, WY 82501

DEC - 8 2060
RE:  SEPTEMBER 19, 2005 SOIL TESTING
SHOOTERING CANYON MILL PROJECT

Dear Fred:

This letter summarizes our observations of the claystone soil sample you submitted for laboratory
testing, the results of which were reported on September 19, 2005.

As mentioned in our test report, the sample (as originally submitted) appeared shale-like, but softened
rapidly upon inundation with water. Subsequently, moisture-density relationship, particle size analysis
including hydrometer analysis, Atterberg Limits and permeability tests were performed. You and your
consultant, Hydro Engineers, noted that the particle size analysis test indicated the fine fraction (minus
200 sieve) appeared to be substantially silt-size particles, and that the particle size analysis does not
corroborate the relatively low permeability for the sample which was more representative of clay.

There are two observations that we make with regard to your note as presented above:

1. As stated, the sample was processed from hard shale-rock fragments to an apparent
relatively soft soil through the addition of water. While the majority of the sample was
soil when tested, the disintegration from silt to clay was likely incomplete based on visual
and manual observations of variable texture.

2. Hydraulic permeability is controlled by pore size and pore volume of the soil mass
through which water flows. Although a substantial portion of a certain soil may include
silt through gravel-sized particles, if the soil particles are well graded and there is
sufficient clay-sized particles to close the pore space of the larger soil particle fraction
(soil matrix), soil pore size and pore volume may be reduced to that of the clay and
render clay-like permeability test results.

Based on the above observations, it is our opinion the hydrometer analysis is not a good indicator of
hydraulic permeability for the subject sample.

Please feel free to call if you have questions or require further information.
Sincerely,

INBERG-MILLER ENGINEERS

” Glen*M. Bobnick, P.E.
Geotechnical Engineer
Riverton Office

GMB:bjh:10223/10223 test observ. Ltr 12-07-05

124 East Main Street 1120 East “C" Street 270 North American Road 428 Alan Road 520 Wilkes Drive, Suite 13
Riverton, WY 82501 Casper, WY 82601 Cheyenns, WY 82007 Powell, WY 82435 Green River, WY 82935
307-856-8136 307-577-0806 307-635-6827 307-754-7170 307-875-4394
307-856-3851 (fax) 307-472-4402 {fax) 307-635-2713 (fax) 307-754-7088 (fax) 307-875-4395 (fax)
riverton @inberg-milter. com casper @inberg-miller com cheyenne @inberg-miller.com powell @inberg-miller.com greenriver @inberg-miller com
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APPENDIX G

REDUCED-MOISTURE TAILINGS EVALUATION
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G.1  Golder Paste Technology Ltd. — Conceptual Study for Surface Disposal of Uranium
Tailings at the Shootaring Canyon Mill (20 pages)
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EXECUTIVE SUMMARY

Plateau Resources Limited (Plateau) has retained Golder Paste Technology Ltd. (PasteTec) to
investigate, at a conceptual level, the use of paste technology to produce Reduced Moisture
Tailings (RMT) for the surface disposal of uranium tailings at the Shootaring Canyon Mill.

The Shootaring processing facility, designed for 1,000 tons of ore per day, has been in suspended
operational mode since 1982. However, Plateau is in the process of moving forward with the
Utah Division of Radiation Control, under a Memorandum of Agreement to transfer the
Shootaring Mill license from “reclamation” to “full operational” status.

Since no material was available for testing, it was assumed that the Shootaring tailings will make
a paste. Depending on the properties of the uranium tailings and the required deposition
parameters, two process options, each producing a different wt% solid paste product, are
available for the handling of the Shootaring Uranium Mill tailings using paste technology:

1) Paste via thickening; and

2 Paste via filtering.

Based on PasteTec’s experience with other tailings, having similar properties as described to us
by Plateau, paste technology is a viable option here; however, it is recommended that material

laboratory testing be completed in the next phase in order to ascertain the ability of the
Shootaring tailings to make paste and be transportable by pipeline.

Golder Paste Technology
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1.0 INTRODUCTION

Plateau Resources Limited (Plateau) has retained Golder Paste Technology Ltd. (PasteTec) to
investigate the use of paste technology for the surface disposal of uranium tailings at the
Shootaring Canyon Mill. Based on conversations with Plateau, PasteTec will explore, at a
conceptual level, the opportunities offered by paste technology for allowing Reduced Moisture
Tailings (RMT) placement on surface.

Plateau is in the process of moving forward with the Utah Division of Radiation Control, under a
Memorandum of Agreement to transfer the Shootaring Mill license from “reclamation” to “full
operational” status. The property has been in suspended operational mode since 1982.

The Shootaring Canyon Uranium Processing Facility is located in Garfield County in
Southeastern Utah. The processing facility is designed to process 1,000 tons of ore per day. The
ore processed is principally sandstone, obtained from various mines in the area. The property
includes a mill processing facility and a designated Tailings Management Area (TMA).

Golder Paste Technology
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2.0 BACKGROUND INFORMATION
2.1 Operational Status

Plateau began commercial operations at the Shootaring Mill in 1982, but, due to the decline in the
market for uranium concentrate, suspended operations after having operated for only a few
months. The facility was then placed on a standby basis and cleanup operations completed.

A recent market analysis by Plateau indicated that due to the current favorable uranium market, it
is feasible to resume operations as soon as approval of the License Amendment is obtained from
the State of Utah and the mill and associated equipment and facilities are fully restored and
functional.

2.2 Mill Process Description

The processing facility is designed to process approximately 1,000 tons of ore per day. The ore
to be processed is principally sandstone obtained from various mines in the region. The ore will
be ground to sand-size particles. The uranium minerals will be leached from the ore by a
conventional sulfuric acid leach process. Soluble uranium is recovered with the decanted liquid
in countercurrent decantation (CCD) tanks. The decanted liquid proceeds to the solvent
extraction circuit to concentrate the uranium. The uranium rich organic solvent is advanced to the
stripping operation. This stripped pregnant solution is directed to the precipitation circuit which
produces the yellow cake (U3Og). This uranium concentrate is then dried and packaged.

2.3 Tailings Management Area

The tailings are the slurry discharged from the CCD system. The disposal of the tailings is by
permanent storage in a lined cell that utilizes a natural depression enclosed by a dam and located
adjacent to the plant site. This envisaged tailings management focuses on reduced moisture
tailings placement. The scenarios currently envisaged by Plateau include:

e The use of a belt filter or similar liquid extraction equipment located at or near the TMA.
This would yield moist tailings solids for placement in the lined cells and a tailings solution
stream which would be recycled back to the mill circuit, used for dust control in the tailings
facility, and/or evaporated; and

¢ Another tailings liquid separation method being considered is to filter the tailings slurry at the
CCD circuit and transport the tailings solids to the lined cells. The tailings solution would
then either be recycled or transported to the solution storage/evaporation pond.

Golder Paste Technology
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3.0 ASSUMPTIONS AND LIMITATIONS

In completing this conceptual study, PasteTec has relied on information provided by Plateau and
information from our database of similar projects. It should be noted that:

e At the time of this report, no information is available on the material properties of the ore that
will make up the feed to the Shootaring Mill;

e Itisassumed at this point that the Shootaring tailings will make a paste, however, no material
was available for testing so this must be verified at a later stage;

e The information regarding size distribution, flocculation and settling rates were derived from
a 1980 report “Amenability of the Tony M Ore To a Two-Stage Acid Leaching Solvent
Extraction Process”;

e The Tony M deposit is adjacent to the Shootaring Mill, however, it may not be part of the
blend making up the mill feed; and

e Plateau has indicated that the design thickening process decided upon may be strongly
influenced by environmental and regulatory factors.

Golder Paste Technology
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4.0 ENVIRONMENTAL AND REGULATORY REQUIREMENTS

Based on discussion and review of existing documentation, there are a number of environmental
and regulatory factors that need to be considered when assessing the suitability of paste
technology for the disposal of the uranium tailings from the Shootaring Canyon Mill. These are
listed below and will form part of the basis for the evaluation.

e The tailings produced must be non-segregating with little water bleed. This is to minimize
drainage collection and maximize the use of recycled water while at the same time limiting
the future consolidation of the tailings; and

¢ The tailings must be confined within the tailings management facility. Considering the local
climate (i.e. semi arid conditions with the occasional major storm event), the deposition
method must minimize the real or perceived carryover of radioactive material as a result of
wind and/or water erosion.

Golder Paste Technology
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5.0 PASTE PLANT

The main component of the study consists of the conceptual paste plant design, although some
mention will be made of the deposition methodology.

Two (2) options are available in terms of process design for the handling of the Shootaring
Uranium Mill tailings using paste technology:

(1) Paste via thickening; and

2 Paste via filtering.

The required deposition parameters, based on environmental and regulatory requirements, will
help drive the product requirements from the paste plant.

51 Design Criteria

A summary of the basic design criteria developed by PasteTec and Plateau can be found in
Table 1 and the complete list can be found in Appendix A.

TABLE 1
OPERATIONAL AND SITE DATA

SHOOTARING CANYON MILL

MILL FEED (ORE BLEND SIX DIFFERENT MINING DISTRICTS
Ore (Specific Gravity) Sandstone Matrix
Composition Silica ~ (25 to 35%)

Clay ~ (5 to 30%)
MILL (TAILINGS PRODUCTION)

Design Daily Production Rate 1,000 tons/day
Design Hourly Throughput 42 t/hr

Design Annual Throughput 350,000 tons/yr
Yearly Operating Days 350 days

Daily Operating Hours 24 hrs

Golder Paste Technology
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SHOOTARING CANYON MILL

TAILINGS PROPERTIES
Size Distribution

- Out of Grinding Circuit 100% Passing 600 microns
- Fines Content ~20 % Passing 38 microns
Discharge CCD 49 wt % solids

Discharge High Rate Thickener 65 wt % solids (PasteTec)
Discharge Paste Thickener 70 wt % solids (PasteTec)
Discharge From Filtration 85 wt % solids (PasteTec)
Tailings Solution pH 1.5t03.0

SETTLING AND THICKENING CHARACTERISTICS

Flocculants Percol 351 / Superfloc 127
First Stage CCD
- Flocculant Dosage 0.11 Ib/ton (55 g/tonne)
- Wt % Solids Feed (~22%) Discharge (~60%)
- Unit Area 2.2 — 2.5 ft2/tpd

(0.225 — 0.256 m?/tonne/d)
Second Stage CCD
- Flocculant Dosage 0.24 Ib/ton (120 g/tonne)
- Wt % Solids Feed (~24%) Discharge (~59%)
- Unit Area 1.8 to 2.4 ft2/tpd

(0.184 — 0.246 m?/tonne/d)
PROPOSED PLANT LOCATION
Elevation (Above Sea Level)
- Mill 4,550 Feet (1,387 m)
- Tailings Stack Final Elevation 4,510 Feet (1,375 m)

Golder Paste Technology
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5.2 Site Location

It is understood that the proposed paste plant would be located adjacent to the existing mill. This
location would take advantage of the existing consolidated base and would limit the distances to
the mill for services such as water, electricity and allow coverage of the paste plant with little or
no additional manpower requirement.

Once the material properties of the tailings are known it will be worthwhile to revisit and trade-
off the capital and operating cost associated with the location of the paste plant. Having the paste
plant closer to the tailings area would shorten the pumping distance and could greatly reduce the
capital and operating costs associated with pumping the tailings to the TMA (centrifugal versus
PD pumps).

5.3 Paste Plant

As described earlier in the report, there are two different alternatives for the paste plant design;
paste production via thickening or filtering. The difference between the options is the final end
product. A description of the processes can be found in the following sections:

5.3.1 Option 1: Paste via Thickening

The mill tailings will be delivered as a slurry to the paste plant and fed to an agitated surge tank.
The surge tank is required in case the flow from the mill is inconsistent in terms of volume
flowrate and % solids.

From the agitated surge tank, the tailings would be pumped into a paste thickener. Flocculant
would be added to aid in the settling of the solids. The overflow from the paste thickener will be
sent to a process water tank to be recycled in the mill. The thickener underflow would be gravity
fed to a Positive Displacement (PD) pump which would then pump the material out to the TMA.

The key element of this option is the paste thickener, which can achieve, with the addition of the
right flocculants, rapid settling and a denser slurry material compared to other types of thickeners.
This is due in part to the shape of the thickener and the storage mechanism that promotes self
weight consolidation and dewatering channels to relieve the excess pressure in the settled solids
allowing the reaching of greater slurry densities in the range of 70% solids by weight.

5.3.2 Option 2: Paste via Filtering

The mill tailings will be delivered as a slurry to the paste plant and fed to an agitated surge tank.
The surge tank and flocculant addition remain as described above.

Golder Paste Technology
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From the agitated surge tank, the tailings will be pumped into a high rate thickener. The overflow
will be sent to the process water tank to be recycled in the mill. From the thickener, the
underflow would flow to the filter feed tank.

From the filter feed tank, the underflow material will be fed into the disc filter and the filter cake
will drop onto a reversible conveyor. The conveyor will transport the cake to a continuous mixer
where the filter cake is re-pulped to the appropriate density for pump/pipeline transport. From the
continuous mixer, the paste is gravity fed to a gob hopper which feeds a positive displacement
pump which then pumps the material out to the TMA.

In the case of operational difficulties or maintenance issues, the filter cake can be stockpiled off
of the filter conveyor and hauled by truck to the TMA.

5.4 Deposition Methodology

It is understood by PasteTec that the tailings deposition will occur within two lined cells. It is
also understood that the deposition areas have a finite footprint and stacking angles of the tailings
material, in order to increase storage capacity, will be a key driver in the option chosen by
Plateau. While the TMA deposition design is outside of the scope of this study, typically paste
tailings are deposited in thin layers to promote desiccation. The slope angle that can be obtained
using thin layer deposition is material and process dependent and will need to be determined by
laboratory testing. In this case, Option 2 paste via filtering will likely produce the densest
material which could result in greater stacking angles.

Golder Paste Technology
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6.0 ADVANTAGES OF THICKENED TAILINGS OR PASTE

Listed below are the advantages that paste technology is currently achieving at other facilities,
and pending successful testwork, could be realized by Plateau for its tailings management.

o Little or no ponded water on top of tailings;

e Less tailing solution to manage; recycling can take place at the mill;

o Little or no liquid / solid separation and no segregation;

¢ Higher placement density than conventional slurry deposition;

e Greater chemical stability, improved erosion resistance;

o Lower seepage potential;

¢ Higher potential stacking angle of tailings;

o Potential of encapsulating other materials such as process water salt precipitates in the paste;
e More accessible to foot traffic and equipment; and

o Facilitates progressive closure.

Appendix B provides additional information about paste and process and equipment selection.
Also included within Appendix B is a Table that summarizes some of the potential benefits that
paste technology could provide in light of the regulatory and environmental requirements listed in
Section 4 for different tailing slurry densities. Options D and E of the Table are respectively
Options 1 and 2 referred to within this report. Any potential benefit would need to by verified by
laboratory testing of the tailings material keeping in mind that in the results obtained in the field
can be affected by a wide range of factors including, effective operation of the paste plant,
weather conditions, temperature variations, shear effects during pumping, rate of deposition, and
the nature of the material upon which the material is deposited.

Golder Paste Technology
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7.0 CONCLUSIONS

Option 1 (Paste via Thickening) is likely the preferred option as it would minimize capital and
operating costs. The key element of this option is the possibility of obtaining the required
material densities directly from the paste thickener underflow.

Due to the importance of maximizing the deposition angles should the desired material properties
not be achievable with Option 1, Option 2 (Paste via Filtering), is presented as an alternative. By
filtering part or all of the thickener underflow a higher density material can be achieved.

It is not known at this point, because of the lack of material availability, which will prove to be
the most appropriate technical solution for the Shootaring tailings.

In future stages of work, material testing must be completed in order to characterize the tailings in

terms of their performance as a paste and the potential for pipeline transport and deposition in the
current TMA.

Golder Paste Technology
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8.0 CLOSURE

We trust that you find this report satisfactory. Should you have any questions, please do not
hesitate to contact the undersigned.

GOLDER PASTE TECHNOLOGY LTD.

1

i -

Pierre Primeau, P.Eng.
Project Engineer

azzandriault, P.Eng.

V& Principal/President

PP/BF/FP/ns

N:\Active'200641900_Pastetec'06-1900-042 US Energy Conceptual Shootaring Canyon Mill\6000 Reports'Final\06-1900-042-B No $106-1900-042-B Conceputal Study. Doc
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APPENDIX A
Project No. 06-1900-042

Revision Number: 0

SHOOTARING CANYON MILL
Date: Feb-07 CONCEPTUAL STUDY SURFACE DISPOSAL
BASIC DESIGN CRITERIA

= QGoldcr

"Associates
PasteTec

DEFINITION: Nominal values are based on the annual planned mill throughput averaged over 365 days per year. The nominal values are used to size the disposal
facility. The design values are larger and take into account the utilization/availability of the mill and a general design factor. The design values are used to size

pipelines and pumping systems with an appropriate factor of safety.

General Information

Name of mine Shootaring Canyon Mill
U/g Backfill or Surface Disposal Surface Disposal
Type: Open Pit or Underground or Both n/a
Mineral(s): Uranium
Value Units Source Equivalent Units

Mill Production

Days per year 350(days/yr Plateau

Days per week 7|days/wk Plateau

Hours per day 24)hrs/day Plateau
Mill design tonnage or capacity 1000|tons/day Plateau
Mill availability (% of the year that the mill is available to operate - usually 90 to 95% ) 95(% Golder
Mill utilization (% of the availability that the mill is actually running - usually 90-95%) 95|% Golder
Tailings Production
Tailings / ore ratio (the difference between the ore and the tailings is concentrate) 1]- Golder
Total Tailings Production 350000(tons/yr Plateau
Discharge slurry density from the mill (S1) (% solids in total mass of solids and water) 49(wt.% solids Plateau
Discharge paste via thickening (S2) (% solids in total mass of solids and water) 70|wt.% solids Golder
Discharge paste via filtration (S3) (% solids in total mass of solids and water) 80|wt.% solids Golder
Tailings Properties
Specific gravity of tailings solids (sg) 2.2]- Plateau
Assumed void ratio of deposited tailings at final deposition (vol. of voids / vol. of solids) -
Elevations
Mill elevation 4550|ft ASL Plateau
Paste plant elevation 4550]ft ASL Plateau
Paste pipeline discharge elevation (Final Reclamation Cover Height) 4510|ft ASL Plateau
Excess water pipeline discharge elevation 4510|ft ASL Plateau
Distances
Tailings pipeline to Cell 1 1400|ft Golder
Tailings pipeline to Cell 2 1800|ft Golder
Process water to mill 150(ft Golder
Miscellaneous flows impacting the mill water balance
Moisture content of the ore going into the mill (w2) (% of dry mass of ore ) 4% Plateau
Moisture in concentrate leaving the mill

If by truck - moisture content (w3) (% of dry mass of concentrate ) % water
OR

If by pipeline - slurry density (S2) (% solids in total mass) % solids
Fresh make-up water total 107|gpm Plateau
Fresh make-up water used in the mill for reagent mixing etc. (m 3/ ton of ore milled) 7|gal / ton Plateau
Estimated water lost in the mill to evaporation and spillage (m %/ ton of ore milled ) gal/ ton
Miscellaneous flows that could impact the tailings pond flow model
Water used for dust control (taken from the pond + partly using potable water) 25|gpm Plateau
Other (such as mine water that is discharged to the tailings facility) gpm
Evaporation / Precipitation 70/ 7}inlyear Plateau

Notes:
1) The sources of the information could be either the owner, contractors, Golder or other consultants.
2) Information is only required in the shaded cells (data input cells).

Golder Paste Technology Ltd.

Page 1 of 1
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APPENDIX B
PASTE DEFINITION

Paste is a densified uniform material of such mineralogical and size makeup, that it will bleed
only minor quantities of water when at rest, experience minimum segregation and can be moved
in a pipeline at line velocities well below that of critical velocities for similar sized materials at
lower pulp densities. Paste can remain sitting in a pipeline for extended periods of time when no
cementitious material is present, and its slump can be measured. The slump is normally
measured using an ASTM 12 inch slump cone, a standard tool used in the concrete industry.
Paste can generally be produced from materials with a wide range of size distributions; however,
they usually contain a minimum of 15% by weight of minus 635 mesh (20pum) material.
Mineralogical makeup is very important, as not all materials within the outlined size distribution
may make paste. Hence rheological testing is required.

Figure 1 illustrates an equipment selection guide with pulp wt% solids versus shear strength.

Golder Paste Technology
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ENERGY LABORATORIES, INC. - 2353 5alf Cresk Highway (82607) - FQ. Box 3258 + Caspar, WY 82602
Toll Free 8882350515 + S07.235.0515 « Fax 307234 1539 « casper@energyial.com « www anmengpiab.com

From: R. A. Garling
Energy Laboratories, Inc. — Casper
To: Fred Craft
Plateau Resources, Ltd.
Date: July 27, 2005
Subject: Column Leach Study Results

Introduction:

During June 2005 Plateau Resources Ltd. retained Energy Laboratories, Inc.-Casper to
perform column leach tests to support development of the Shootaring Canyon Mill
tailings regime. Water collected from the mill supply well and samples of fine Entrada
sand and rocky soil were delivered to the Casper ELI facility. The column tests were
intended to determine the effect of a sulfuric acid synthetic tailings solution on physical
and chemical characteristics of the two soil types. Flow of unaltered process water was
initiated June 13, 2005 and 4 to 5 pore volumes of effluent were collected prior to starting
the sulfuric acid solution flow. Twenty plus pore volumes of the sulfuric acid effluent
were collected from 6/27 to 6/30 and analyzed for pH and electrical conductivity.

Further analysis on the feedstock, the soil samples and selected acid effluent samples was

conducted and 1s attached to this report.

Test Conditions and Results

1. Water collected from the Shootaring Mill supply well was used both unaltered
and adjusted to ~95 g/l H,S0; as the column feed solutions.

pf The two 4" diameter clear PVC columns were loaded with the Entrada sand
(called Plateau soil or PS) and the Rocky soil material (called RS). Twelve
inches of material was tamped to an estimated 40% porosity which equated to
a pore volume of 980 ml. The base of each column was packed with glass
wool to assure equal flow and minimized plugging. The two soil types were
tested for EC, Lime, pH and PSA/texture and resuits are attached.

i The columns were operated upflow to prevent channeling and for flow
regulation purposes. Initially, a constant head reservoir was used to provide
the flow of unaltered water. Four to five pore volumes of discharge were
collected in this fashion. On initiating the 95 g/L sulfuric flow, however, it
became impossible to control the flow by head alone. The reason for this was
CO; offgassing as the acid neutralized the calcite entrained in the soil. Gas
plugging required the use of a peristaltic pump to control the feed flow and
therefore the column discharge rates. Manometers were installed in the
column feed line to monitor the potential of column plugging, one of the
reasons for the testing (potential of creating precipitates which would retard
fluid flow). Backpressures of 1 to 3 inches of water were observed through
the acid feed portion of the test on both columns. The backpressure readings
were highly variable due to the effect of the gas generation.
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4. Ongce the peristaltic pump was installed, the column tests operated
continuously from 6/27/05 to 6/30/05. All flow was collected using an
automated system which sequentially retained ~1 pore volume samples.
Average flow for the test was 4.22 ml/min or 6.2 pore volumes/day. The 20+
pore volume samples were analyzed for sulfate, pH and conductivity. Based
on the initial analytical results, four samples {(two from each column) were
collected and analyzed for an expanded suite of analytes.

5. Chemical Analysis Results: The soil analysis revealed that both soils were
=75% sand, had significant lime/carbonate concentrations (6-15%), slightly
basic pH (probably due to the lime%), and relatively low salt loading. The
unadjusted feed water was good quality with TDS of ~230 mg/L. Two
samples of column effluent taken prior to the acid addition were analyzed for
basic water quality parameters. These showed that the soil in the two columns
had no appreciable effect on the feed water quality. The Rocky Soil column
was relatively quick to equilibrate with the feed solution showing full sulfate,
EC, and pH breakthrough by the fifth pore volume. This may have been due
to the lower levels of carbonate in the soil. There was also a mineral present
that leached throughout the entire 23-pore volume test and increased sulfate
and EC levels above that of the feed solution. Conversely, the Plateau Soil
column had not fully equilibrated to the feed solution by the 21* pore volume.
Sulfate and EC values remained suppressed and pH values continued to show
neutralization. This may have been due to the ~15% lime/carbonate
concentration in the soil. All data reports are attached to this report.
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ENERGY LABORATORIES, INC. - 2353 Salt Crosk Highway (82607) - PO, Box 5258 + Casper, WY 82602
Toll Free 8882350575 « 30723505715 « Fax 307.234. 1639 + casper@enemgyiab.com « www anemgpiab. com

ANALYTICAL SUMMARY REPORT

July 29, 2005

Fred Craft

Plateau Resources (US Energy)
877 North 5th 5t

Riverton, WY 82501-

Workorder No.: C05070394

Project Name:  Column Tests

Energy Laboratories Inc. received the following 4 samples from Plateau Resources (US Energy) on 7/12/2003 for analysis.

Sample 1D Client Sample ID Collect Date  Receive Date  Matrix Test

Metals by ICP/ICPMS, Dissolved
Alkalinity

QA Calculations

Conductivity

Fluoride

Mitrogen, Ammonia

Nitrogen, Nitrite

Mitrogen, Mitrate + Nitrite

pH

Solids, Total Dissolved

CO5070394-001 PS Acid 4 071205 Aqueons

C05070394-002  PS Acid 21 01205 Agqueous Same As Above
CO5070394-003 RS Acid 5 0712405 Aqueous Same As Above
CO5070394-004 RS Acid 20 071205 Aqueous Same As Above

There were no problems with the analyses and all data for associated QC met EPA or laboratory specifications
except where noted in the Case Narrative or Report.

If you have any questions regarding these tests results, please call.

Report Approved By:

Track# COS5070394 FPage
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LABORATORY ANALYTICAL REFORT

Client: Plateau Resources (US Energy) Report Date: 06/17/05
Project: Column Tests Date Received: 06/07/05
Workorder: CO5060266
Analysis  EC, SatPst Limeas  pH, SatPst  Texture Sand Silt Clay Mopisture
o CaC03

Units mmhos/cm %a 5 U % Yo % %
Sample 1D Client Sample 1D Resulis Results Hesulis Resulis Hesults Results Results Hesults
COS060266-001 Rocky Soil 0.458 G4 T8 SL T8 19 g8 Ta
COS0E0266-002  Plateau Sail 0.28 149 8.0 Ls 83 ] B 4.8
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LABORATORIES

ENERGY LABORATORIES, INC. « 2353 Salf Creek Highway (82607) « PO. Box 3258 + Casper, WY 82602
Toll Froe 886.235.0515 + 307.235.0515 - Fax 307.234.1639 + casper@energyiab.com « www.energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Plateau Fesources (US Energy)

Project: Shootaring Column Leach Test

Lab ID: C05060184-001

Client Sample ID:  Eaw Water Subsampled

Report Date: 06/13/05
Collection Date: 06/03/05 16:00

Date Received: 05/19/05

Matrix: Aqueous

Analyses Result Units Qual RL. QCL  Method Analysis Date / By
MAJOR IONS
Carbonate as CO3 WD mgfl 1 A2320B DB/08/05 20:47 ( slb
Bicarbonate as HCO3 215 mgl 1 AZ320B OE/08/05 20:47 [ slb
Calcium 31.7  mglL 0.5 EZ00.7 06/06/05 15:18/ cp
Chiloride A mafl 1 A4500-Cl B O6/06M05 14:41 1 5l
Magnesium 23.0 mgl 0.5 E200.7 DE/EI05 15:18 [ cp
Mitrogen, Mitrate+Mitrite as M 01 mo/l 0.1 E353.2 06705 09:51 ! jal
Fotassium 5.9 gl 0.5 E200.7 06/06/05 1518 7 cp
Sodium 30.1 mgl 0.5 E200.7 06/06/05 15:18 / cp
Sulfate 65 mg/L D 1 A4500-504 E DE/0EM0S 14:03 [ Jal
PHYSICAL PROPERTIES
Conductivity 469 umhos/cm 1.0 AZ510 B 06/06/05 08:15/ th
pH 8.20 .0, 0.01 A4500-H B DE/0G05 0B:25 / th
Solids, Total Dissolved TDS @ 180 C 229 mgiL 10 AZ540 C DEAITIOS 16:43 /[ th
METALS - TOTAL
Iran 0.03 maofl 0.03 E200.7 06/06/05 15:18/ cp
DATA QUALITY
AC Balance (t 5) -0.663 % Calculation 06/09/05 16:13 / smd
Anions 500 meqlL Calculation DEMS05 16:13 / smd
Cations 4.93 megq/L Calculation 06005 16:13 f =md
Solids, Total Dissolved Calculated 266 mafl Calculation 060905 16:13 / smd
0.860 dec, % Calculation DE/0S/05 16:13 / amd

TDS Balance (0,80 - 1.20)

Report
Definitions:

RL - Analyte reporting limit.
QCL - Quality control limit.

D - RL increased due to sample matrix interfarence,

MCL - Maximum contaminant level.

MND - Mot detected at the reporting limit.

Traclhk#

COBO&s01 844D
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ENERGY LABORATORIES, INC. - 2795 Sait Creak Highway (82601) « FO. Box 3258 » Casper, WY 82602
Toll Free 8882350515 « 3072350515 » Fax 307234 1839 » casper@enengyiab.com « www.enengyab.com

LARORATORIES

LABORATORY AMALYTICAL REPORT

Company: Plateau Resources (US Energy) Report Date: June 13, 2005

Project: Shootaring Column Leach Test Collection Date: 06/03/05 16:00

Location: NOT GIVEN Date Received: 05/19/05 00:00

Laboratory 10: C050601384-001 Matrix: Water

Sample ID; Raw Water Subsampled

CATIONS meg/L meg/L ANIONS ma/L meq/L

Calcium 32 1.58 Bicarbonate 215 353

Magnesium 23 1.89 Carbonate <1 =0.03

Potassium B 0.15 Hydroxide MNA NA

Sodium 30 1.3 Chioride 4 0.11

Iron, Total 0.03 0.00 Sulfate 65 1.36

Barium, Total MA MA

Strontium, Total MA A

SUM + 2 ._ TP -91. Ty Tai ; "3.93" SLIM - ,...._ ':..':;":_:__.1.: - _' §+‘ou.-

Gatlunfﬁ.mun Balancn, % dlh"erenne o -0 BD - . . .

Solids R R e Bl Conditons. & b eega o "

Total Drssnlved Snllds (15| 13'0‘ 229 mglL TOS, Calculated 268 mgfL

Total Solids, NaCl equivalents 197 mg/L pH, s.u. 8.2 s.u.

Chloride as NaCl 6 mglL Accuracy 0.43 Sigma

NaCl % of Total Dissolved So!rds_ _ 00 % _ _ . .y

Other Propearties st A TR e e L SR e R D

Calcium Hardness as CECDQ lonic Strength 0,007 y

Magnesium Hardness as CaCOy Specific Gravity, Calc 1.000 glcc

Total Hardness as CaCOy 23431 nhm rnelaer
_‘“"s___ o * I_.|_1=|j*|,.,(_ -p':;__r-'?,t_- oy -: .- ':S::.:r'.;l- i 'I'.f;"_,._"."_'.t"g. “':% ._‘-'??“ | ;.}- l'-'_i!___ 11.1‘ b L |

S e
Ry

“Compound |~ mall

Mg(HCO3)2 138

Na Cl Ca(HCO3)2 128

Na2504 104

.. KCl 8

Ca | HCO, NaHCO3 4
Mg so,
Fo |G -ta Tt g (o Co,

-4 -3 -2 -1 0 1 2

Log of the ions meg/L value

Plot Above for Na includes K

MNOTE: NA indicates not analyzed

tparka: Weli_sahreponschenls3005\plateau_resouceshrog\c 050601 84-001 x5
Track# CO5050184A0 Fage
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LABORATORIES

ENERGY LABORATORIES, INC. - 2393 Salf Creek Highway (82601) « FO. Box 3258 « Caspar, WY 82602
Tolf Free 8882350515 » 3072350515 + Fax S07.234.1639 + casper@energyiab.com - wwwensigylab.com

Client:
Project: Column Test

Lab ID: C05060578-004

Client Sample ID: P.5.-4 Raw GW

Platzau Resources (US Energy)

LABORATORY ANALYTICAL REPORT

Report Date: 07/08/03
Collection Date: 06/14/05
Date Received: 06/14/03
Matrix: Aqueous

MCLS

Analyses Result Units Qual RL QCL  Method Analysis Date / By
MAJOR IONS
Carbonate as CO3 D mgfL 1 AZ320B 06/21/05 13:18 { sl
Bicarbonata as HCO3 198 mg/L 1 AZIZ0B DE21/05 1318/ =l
Calcium 30.2 mall 0.5 E200.7 06M15/05 15:45 fcp
Chiloride 4 mafl 1 E200.7 06/15/05 15:45 / cp
Magnesium 20.7 mgiL 0.5 E200.7 06/15/05 15:45 / cp
Potassium 3.4 maL 0.5 E200.7 05/M5/05 1545/ cp
Sodium 39.2 mafl 0.5 E200.7 DE/M5/05 15:45 / cp
Sulfate 73 mg/L 1 E200.7 06M15/05 15:45 / cp
PHYSICAL PROPERTIES
Conductivity 463 umhosicm 1.0 AZ510 B DEM14/05 15:57 [ th
pH 825 S.0. 0.01 Ad500-H B DEMS/05 09:31 7 th
Solids, Tatal Dissolved TDS @ 180 C 310 mgfL 10 A2540 C 06M14/05 16:28 [ th
METALS - TOTAL
Iron MDY mafl 0.03 E200.7 DG/15/05 15:45 f cp
DATA QUALITY
AJC Balance (£ 5) 1.26 %o Calculation 06/22/05 22:24 { smd
Anions 4.88 meq/L Calculation DE/22/05 22:24 [ smd
Cations 501 meqiL Calculation 0E/22/05 22:24 f smd
Solids, Total Dissolved Calculated 268 mo/l Caleulation 06/22/05 22:24 | smd

1.16 dec, % Caloulation 0E/22/05 22:24 / smd

TDS Balance (0,80 - 1.20)

Report
Definitions:

RL - Analyte reporting limit,
QCL - Quality controd limit,

MCL - Maximum contaminant level.
MO - Mot detected at the reporting limit.

Track#

CO5080578
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ENERGY LABORATORIES, INC. + 2393 Salf Creex Highway (82607
Toll Free 888.235.0515 « 3072350515 « Fay 307.234. 1832 - casper@anergyiab.com « www energyiab.com

« B0 Box 3258 + Caspar, WY 82602

LABORATORY ANALYTICAL REPORT

Company: Plateau Resources (US Energy) Report Date: July &, 2005
Project Column Test Caollection Date: 06/14/05
Location: NOT GIVEN Date Received: 06M14/05 15:00
Laboratory 10: COS060578-004 Watrix: Water
Sample ID: PS5-4 Raw GW
CATIONS mgi/L meg/L ANIONS mg/L meq/L
Calcium 30 1.51 Bicarbonate 199 328
Magnesium 21 1.70 Carbonate =1 =0.03
Fotassium 3 0.09 Hydroxide A MA
Sodium 39 1.70 Chloride 4 0.10
Iron, Total =0.03 =0.01 Sulfate 73 1.62
Barium, Total MA A
Strontium, Total MA, A
SUM + AT 500 SUM - 278 - 4.88
Cation!.ﬁ.mun Balanca, % dlﬁ’erﬂnca L o
Solids P ' sample Conditions i R
Total Dissolved Sullds @ 1&!}'1'3 310 mgiL TDS, Calculated 270 magiL
Total Solids, NaCl equivalents 200 mgil pH, s.u. 8.25 5.0,
Chloride as MaCl 6 mogil Accuracy -0.66 Sigma
NaCl % of Total Dlssolved Smm‘s o 20 %
Other Properties e e e e e e e o S e e e P
Calcium Hardness as CaCGs 75 magil lonic Strength 0,007 p
Magnesium Hardness as CaCOy 85 mgl Specific Gravity, Calc 1.000 glcc
Total Hardness as CaCO, 161 mg/L _Resistivity, 68°F 23.734 ohm meter
Water AnalysisPattesn ~~ probable Mineral Residue,Dry
_Compound [ molL
g Ma2304 125
Ma T3 cl Mg(HCO3)2 125
| "-,ﬁ Ca(HCO3)2 122
!i i NaCl B
Ca i ? HCO, MNaHCO3 4
|/
||/
Mg . ’ | S0,
| I’
Fe T co,
L ) L L L L

Log of the ions meg/L value

Plot Above for Na includes K
NOTE: NA indicates not analyzed
kis: riclients2005\plateau_resourcesiroalc050680678-004 xls

Track# COL5050578 Fade
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ENERGY LABORATORIES, INC. « 2393 Salf Creek Highway (82601) « PO, Box 5258 « Casper, WY 82602
Toll Free S88.235.0515 « S07.235.0515 + Fay J07.274. 1639 « casper@gnergab.com « www enaigiiab com

ENERGY

EAECJRA TORIES

LABORATORY ANALYTICAL REPORT

Report Date: 07/08/05
Collection Date: 06/15/05
Date Received: 06/14/05
Matrix: Agqueous

Cilient: Plateaun Resources (US Energy)
Project: Column Test

Lab ID: C05060578-009

Client Sample ID: R.5.-5 Raw GW

MCL/
Analyses Result Units Qual RL QCL  Method Analysis Date / By
MAJOR IONS
Carbonate as C0O3 3 ma'll 1 A23Z20B 06/21/05 13:28/ sl
Bicarbonate as HCO3 182 meyfl 1 AZ3IZ0B 06/21/05 13:28 / sl
Calcium 33.0 mgfL 0.5 E200.7 DER20M05 14:21 Mt
Chloride ¥ mg'L 1 E200.7 0620005 14:21 [ ts
Magnesium 23.0  mglL 0.5 E200.7 0620005 14:21 1 ts
Potassium 6.6 mgfL 0.5 E200.7 0620405 14:21 [ ts
Sodium 38.0 mgiL 0.5 E200.7 0620005 1421 [ ts
Sulfate 66 magflL 1 E200.7 0620005 14:21 [ ts
PHYSICAL PROPERTIES
Conductivity 470 umhosicm 1.0 AZ2510 B 06/16/05 09:46 / th
pH 8.37 5.U. 0.01 AAS00-H B 06M16/05 10:30 /1 th
Solids, Total Dissolved TDS @ 180 C 2856 meg/L 10 AZ540 C DEME/05 00:00 [ th
METALS - TOTAL
Iran MO mofl 0.03 E200.7 0E/20/05 14:21 [ t5
DATA QUALITY
ASC Balance (£ §) 469 % Calculation 06/25/05 22:32 } smd
Anicns 4,88  meg/L Calculation DE25/08 22:32 / smd
Cations 5.36 meqlL Calculation 06/25/06 22:32 f smd
Solids, Total Dissolved Calculated 282 mafl Calculation D6/25/05 22:32 / smd
TDS Balance (0.80 - 1.20) 0,880 dec. % Caleulation D625/05 22:32 § smd
Report RL - Analyte reporting limit. MCL - Maximum contaminant level,

Definitions:  QCL - Quality control limit, MD - Mot detected at the reporting limit.

Track# COBOSO57SE FPage
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ENERGY LABORATORIES, INC. - 2393 Sait Creek Highway (82601) - PO, Box 3258 + Casper, WY 82602
7ol Free 888 2350515 « 3072350515 « Fax S07.234.1639 « casper@energpiab.com » www enargyiab. com

LABORATORIES

LABORATORY ANALYTICAL REPORT

Company: Plateau Resources (US Enargy) Report Date: July 8, 2005
Project: Column Test Collection Date: 06/M15/05
Location: NOT GIVEN Date Received: 06/14/05 15:00
Laboratory 10: CO5060578-009 Matrix: Walter
Sample ID: m.5.-5 Raw GW
CATIONS mg/L meg/L ANIONS malL meqiL
Calcium a3 1.65 Bicarbonate 199 3.26
Magnesium 23 1.59 Carbonate 3 0.09
Potassium 7 0.17 Hydroxide MNA NA
Sodium 38 1.68 Chloride 7 0.18
Iron, Total =0.03 <0.01 Sulfate 66 1.37
Barium, Total MA MA
Strontium, Total MA MA
SUM + Ry IR UG pares 5.36 SUM - T4 00
Cation/Anion Ealanr.;:e, % dlﬂaraﬁcﬂ _ 448 o o i
Solids SR e el e i Sampla Conditions 0 5 e
Total Dissolved Snlrds @ 1&0 C 286 mg/L TDS, Calculated 272 mogll
Total Solids, NaCl equivalents 206 mgiL pH, s.u. B.37 5.0,
Chloride as MaCl 11 mgil Accuracy -2.52 Sigma
MaCl % of Total Dissolved Solids 3.8 %
‘Other Properties A [EREERIR T R : .
Calcium Hardness as CaCOy 82 ma/ll lznic Strength 0.008 p
Magnesium Hardness as CaCO, 95 mgfL Specific Gravity, Calc 1.000 glcc
Total Hardness as CaCOy 177 maiL Resistivity, 68°F 23.381 ohm meter
. Probable Mineral Residue,Dry.
Ca(HCO3)2 133
Na T-q cl Mg{HCO3)2 118
ok Na2504 a0
R MgS04 17
Ca . » HCO, NaCl 1
E
I/
Mg . |9 so,
Fe H co,
. p TS
4 .3 2 4 0 1 2 3 4

Log of the ions meq/L value

Plot Above for Na includes K
MOTE: MA indicates not analyzed
klz: rclients2005\plateau_resourcesiroalcOS06057B-009 x(s

Track# COS5080578 FPage
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ENERGY LABORATORIES, INC. » 2395 Salf Cresk Highway (82601) - PO Box 3258 + Casper, WY 82602
Toll Free 858 2350515 « 3072350515 « Fax 3072341639 + casper@anemgyial.com « www.enargyab.com

LABORATORY ANALYTICAL REFORT

Client:  Platzau Resources (US Energy)
Project: Column Tests

Lab ID: CO05060578-010 Date Received:
Client Sample ID:  Acid Feed

Report Date: (07/08/05
Collection Date; 06/22/05
D6/14/05

Matrix: Aqueous

MCL/
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
MAJOR IONS
Carbonate as C0O3 ND mg/L 1 AZIZ0B 06/23/05 16:25 / sl
Bicarbonate as HCOA MO mafl 1 AZZZ0 B 0B/23/05 16:25 /=
Calcium 280 mg/L 0.5 E200.7 06723705 15:34 / cp
Chiloride 4 mgfl 1 E200.7 06/23/05 15:34 / cp
Magneasium 188  moll 0.5 E200.7 OB2305 15:34 fcp
Potassium 5.8 mgfil 0.5 E200.7 062305 15:34 fep
Sodium 288 mglL 0.5 E200.7 06/23/05 15:34 / ep
Sulfate 23300 mgl D 300 AASN0-S04 E 06/23/05 14:20 / jal
PHYSICAL PROPERTIES
Conductivity 108000 umhos/cm 1.0 AZ510 B 06/23/05 11:55 / th
pH 0.85 S 0.01 AAS00-H B 06/23/05 15:51 M th
Solids, Total Dissolved TDS @ 180 C 23400  mail 10 AZ540 C 08/28/05 15:13 Mt
METALS - TOTAL
Iron 0.03 mgiL 0,03 E200.7 0623105 15:34 f cp
Report N FL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions: QL - Quality control limit. MD - Mot detected at the reporting limit.

D - RL increased due to sample matrix interference,

Track#®# COBOGSQASTE
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LABORATORIES

ENERGY LABORATORIES, INC. - 2393 Salf Creak Highway (82601) - FO, Box 3258 + Casper, WY 82502
Toif Free 888 2350518 = 0723505715 « Fay JO7.234. 1639 « casper@energylab.com « www enargiad.com

LABORATORY ANALYTICAL REPORT

Company: Plateau Resources (US Energy) Report Date: July 8, 2005
Project: Column Tests Collection Date: 06/22/05
Location: NOT GIVEN Date Receivad: 06/M4/05 15:00
Laboratory 10: CO5060578-010 batrix: Water
Sampie ID: Acid Feed
CATIONS mgiL medqg/L ANIONS mg/L meg/L
Calcium 29 1.45 Bicarbonate =1 <0.02
Magnesium 19 1.55 Carbonate <1 =0.03
Potassium & .15 Hydroxide A MNA
Sodium 29 1.25 Chloride 4 012
Iron, Total 0.03 0.00 Sulfate 23,297 485.04
Barium, Total A MA
Strontium, Total A A
S5UM + R 4,40 SUM - 23,301 485.16
Cation/Anion Balance, % difference o :
Salids R Gl e : L dasEnis e SampleiConditions (HEEE A
Taotal Dissolved Solids @ 180°C 23400 mall TDS, Calculated 23,384 mgfll
Total Solids, NaCl equivalents 11,728 mgll pH, s.u. 0.85 s.u.
Chioride as MaCl 7 mgiL Accuracy £3.04 Sigma
NaCl % of Total Dissolved Solids _ 0.0 %
Other Properties . S i : i o s s e s
Calcium Hardness as CaCOy 72 magll lonic Strength 0489 u
Magnesium Hardness as CaCO, 77 mgll Specific Gravity, Cale 1.016 glcoc
Total Hardness as CaCO; 150 mgiL Resistivity, 68°F 0102 ohm meter
‘Water Analysis Pattern -' """ Probable Mineral Residug, Dry
: - Compound - i mgfL
Na2s504 104
Ma _ CasS04 28
i MgSO4 93
| KCl 9
ca . HCO,
[] ™
| .
N
Mg T “l 50,
= e
| o
| -
Fe v COo,
- -3 -2 -1 ] 1 2 3 4
Log of the ions meq/L value
Plot Above for Na includes K
MOTE: NA indicatas not analyzed
e pclients2005\0lmeau_rescurcasiroaloda 0636 78-010r s
Track$# COBOSOSTE Fage
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LABORATORY ANALYTICAL REPORT

Client: Plateaw Resources (US Energy) Report Date: 07/08/05
Project: Column Test Date Received: 06/14/05
Workorder: CO5060578
Analysis 504 EC pH

Units mg/L umhos/cm $u
Sample 1D Client Sample [D Results HResults Results
CO5080578-001  P.5.-1 Raw GW 470 8,22
CO50B05TE-002  P.5.-2 Raw GW 487 818
CO5080578-003  P.5.-3 Raw GW 485 B.23
COS0B0578-004  DP.5.-4 Baw GW 463 8.25
COS080578-010  Acid Fesd 23300 108000 0.85
COSDE0GTE-012 P.5. Acid 1 347 1400 664
CO80B05TA-015 P.5. Acid 2 310 7510 2.10
COS0E0578-036 P.5. Acid 3 4800 16500 1.68
COS0G05TA-03T  P.5. Acidd 11200 48300 1.25
COS0B05T8-038 PS5 Acid § 11500 50000 1.23
COS0605TR-038  P.5 Acid6 12000 51600 1.18
CO05080578-040 P.5. Acid 7 13100 55000 113
COS060578-041 PS5 Acid 8 14000 55600 1.15
COS0E0STE-042 P.8. Acid & 13700 61500 1.1
COS080578-043 P.5. Acid 10 13400 55200 112
COS060578-044 PS5 Acid 11 13800 E1700 123
COS0G05TR-D45 P8, Acid 12 13500 BS300 1.24
CO5080578-046  P.S. Acid 13 14600 BBA00 1.21
CO50B0STE-O47 P.8. Acid 14 14400 67700 147
COSOBOSTA-048 D5, Acid 15 15100 BaTO0 117
COS0E05TE-049  P.5. Acid 16 168900 B3800 111
CO5080578-050 P.5. Acid 17 17400 82000 118
COSDE0STE-061  P.S Acid 18 18000 B3400 1.90
COS080578-052  P.5. Acid 19 17700 85100 1.08
COS060578-053  P.S. Acid 20 16800 87300 1.08
COS0B05TE-054  P.5. Acid 21 19000 91500 1.08
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LABORATORY ANALYTICAL REPORT

Clicnt: Plateau Resources (US Energy) Report Date: 07/08/05
Project: Column Test Date Recelved: 06/14/05
Waorlkorder: COS0605TE

Analysis S04 EC pH

Units mg/L umhos/em 5 1

Sample 1D Client Sample 1D Results Results Results
COS0E05TE-005  R.S5.-1 Raw GW 483 8.22
COB0BOSTE-006  R.5.-2 Raw GW 473 .28
COS060578-007  R.5.-3 Raw GW 484 8.9
COS060578-008  RLS.-4 Raw GW 475 B34
CO50E06TE-009 B.5.-5 Raw GW AT0 8.a7
CO50605T8-010 Acid Feed 23200 108000 0.85
COR0E0STR-011 RS, Acid 1 1480 3480 255
COS060578-013 .5 Acid 2 TE60 28400 1.40
COS0E0STE-014 .5 Acid 3 14500 61200 1.0
CO5080578-016 RS Acid4 15700 T4T00 1.03
COS0B0STR-017 RS Acid 5 22200 106000 0.83
COS08057TA-018 R.5. Acid 6 22400 117000 0.90
CO5060578-010 LS, Acid 7 23500 118000 0,88
COS0605TE-020 B.5. Acid B 23800 120000 0.81
COS080578-021 RS Acid9 24300 123000 0.93
CO5060578-022 RS Acid 10 24000 121000 0,94
COS0B057E-023 R.8. Acid 11 25000 121000 0.80
CO5080578-024 R.5. Acid 12 24800 120000 0.82
CORCBOSTR-025 RS Acid 13 25400 121000 0,23
COS50B0578-026 R.5. Acid 14 25800 116000 0.93
COSD60ETE-DZT R.E. Acid 15 26000 115000 0.9
COS0B05TE-028 RS Acid 16 28600 118000 0.91
CO5060578-029 R.5. Acid 17 25600 118000 092
COB0BOSTE-030 B3 Acid 12 26400 120000 0.85
CO5060578-031 RS Acid 19 26300 115000 o.M
COS5068057R-032 RS Acid 20 26200 116000 0.80
CO5S060578-033 RS Acid 2 28100 118000 0.92
COS060578-034 RS Acid X2 27300 121000 0.93
COS060578-035 IS, Acid 23 28200 120000 0.62
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ENERGY LABORATORIES, INC. « 2383 Salf Cresk Highway (82601) « PO Box 3258 + Casper, WY 82602
Toll Free S88.235.05715 « 3072350575 - Fax 307234 1639 - casper@enargylab.com « wwwanargpiab.com

LABORATORY ANALYTICAL REPORT

Report Date: 07/21/05
Collection Date: Not Provided

Date Received: 07/12/05

Matrix: Agueous

Client:  Plateau Resources (US Enerpy)
Project: Column Tests

Lab ID: C035070394-001

Client Sample ID:  PS Acid 4

MCL/
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
MAJOR IONS
Alkalinity, Tetal as CaC03 MO mg/L 1 A2320 8 07/14/05 16:56 / sl
Carbonate as CO3 ND mag/L 1 AZ320B O7/14/05 16:56 / sl
Bicarbonate as HCO3 [ [n] maofl 1 A2320 B 07/14/05 16:56 / sl
Calcium 564 mg/L 1 E200.7 07805 12:06 /s
Chloride 96 mafl D 8 E200.7 07805 12:06 Ms
Fluoride 2.7 mail 0.1 AAS00-F C OF/13/05 0848 [ =l
Magnesium 323 mglL 1 E200.7 OF/18/05 12:06 / ts
Mitrogen, Ammoania as M 0.97  mgl 0.05 A4500-MH3 G 071305 16:32 [ jal
Mitrogen, Mitrate+Nitrite as M ND mg/L 0.1 E353.2 O07/13/05 13.06 [ jal
Mitrogen, Mitrite as M ND mafl 0.1 A4500-NC2 B O713/05 13:06 [ jal
Potassium 14 mofl 1 E200.7 0OFf18/05 12:06 / ts
Silica 179 mg/L n] 0.8 E200.7 O7TMBOS 12:06 [ ts
Sodium 56 mag/l 1 E200.7 O7MEM05 12:06  ts
Sulfate 11200 magfL D 8 E200.7 07M18/05 12:06 M=
PHYSICAL PROPERTIES
Conductivity 46800  umhos/cm 1.0 AZ510 B O7M205 13:40 / th
Hydrogen lon 65 mafl A4500-HB 07205 15:19 { th
pH 1.189 S.U. 0.01 AAS00-H B 07205 1519 Mth
Solids, Total Dissolved TDS @ 180 C 11800  mall 10 A2540 C 072105 14:36 / th
METALS - DISSOLVED
Aluminum 40.7 mafl 01 E200.8 O7TMH0S 14:24 [ bws
Arsenic 0,05 mgil 2] 0.02 E200.8 07/13/05 14:24 | bws
Barium 0.2 mgiL 01 E200.8 071305 14:24 f bws
Boron 0.5 mgil 0.1 E200.7 07805 12206/t
Cadmium MND maiL D 0,02 E200.8 OFM 305 14:24 | bws
Chromium MD mgil 0.05 E200.8 07305 14:24 / bws
Copper 0.26 mg/L 0.01 E200.8 O7M305 14:24  bws
Iron 18.8 maofl D 0,04 E200.7 O7MB/05 1206 [ ts
Lead MWD mgfL 0.05 E200.8 OTH 305 14:24 { bws
Manganese 125 mgl 0.01 E200.8 07/13/05 14:24 { bws
Mercurny MO mavl 0.001 E200.8 OFM305 14:24 | bws
Molybdenusm ND mafl 0.1 E200.8 71305 14:24 [ bwes
Mickel 0.26 mafl 0.05 E200.8 071305 14:24 / bws
Selenium D mal (] 0.04 E200.8 071305 14:24 / bws
Uranium 00368 mg'll o 0.004 E200.8 07/13/05 14:24 { bws
Wanadium 0.2 mg/L 0.1 E200.8 071305 14:24 | bws
Zine 0,23 moll D 0.03 E200.8 71305 14:24 [ bws
Heport RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions: QG - Quality control limit. MD - Mot detacted at the reparting limit,

D - RL increased dua to sample matrix interference,

Track# COB0703294 Fage
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LABORATORIES

Client:
Project:
Lab ID:

ENERGY LABORATORIES, INC. - 2393 Salt Creek Highway (82801) - EC. Box 3258 + Casper, WY 82602
Tolf Frag 888 2350515 « 3072350515 « Fax 307254 1639 - casper@energylab.com - wwwanamgyiab.com

LABOBATORY ANALYTICAL REPORT

Plateau Resources (US Energy)
Column Tests
CO3070394-001

Client Sample ID:  PS Acid 4

Report Date: 07/21/05
Collection Date: Not Provided

Date Received: 07/12/05

Matrix: Aqueous

- MCL/
Analyses Result Units Qual RL QCL  Method Analysis Date / By
DATA QUALITY
AJC Balance (t 5) 287 % Calculation O7/M9/05 16:13 / ks
Anions 223 mag/L Calculation 07905 16:13 [ ks
Cations 129 megil Calculation 0705 16:13 f ks
Report AL - Analyte reporting limit. MCL - Maximum contaminant level,
Definitions: Qe - Quality control limit. ND - Not detected at the reporting limit.

Track# COB0T703204 Fage
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ENERGY LABORATORIES, INC. « 2593 Salf Creek Highway (82601) - PO, Box 3258 « Casper, WY 82602
Toll Free 888.235.0515 + 307.235.0515 « Fax 307.234.1638 - casper@anemial.com « wwwenargyiab. com

LABORATORIES
Client:  Flateau Resources (US Energy)

Project: Column Tests
Lab ID: C05070394-002
Client Sample [ID:  PS Acid 21

LABORATORY ANALYTICAL REPORT

Report Date: 07/21/03
Collection Date: Mot Provided

Date Received: 07/12/03

Matrix: Agqueous

MCL/
Analyses Result  Units RL. QCL  Method Amnalysis Date / By
MAJOR IONS
Alkalinity, Total as CaCO3 M mafl i A23208B 07/14/05 16:58 [ sl
Carbonate as CO3 MO mg/L 1 AZ3208B 07/114/05 16:58 / sl
Bicarbanate as HCO3 ND  mgil 1 AZ320 B 07114405 16:58 / sl
Calcium G4 mao/L 1 E200.7 071805 12:13 / ts
Chloride 36 mgl a8 E200.7 07805 1213 /1ts
Flusoride 3.2 migfL 0.1 A4500-F C 07/13/05 08:50 { sl
Magnesium 262 mafl 1 EZ200.7 O7THMB0512:13 [ 1s
Mitragen, Ammonia as M 142  magll 0.05 A4500-NH3 G 071305 16:34 / jal
Nitrogen, Nitrate+Nitrite as M 0.5  mgl 0.1 E353.2 07/13/05 13:08 / jal
Mitrogen, Nitrite as M MD mgiL 0.1 A4500-NO2 B 074005 10:26 / jal
Pofassium 15 mafl 1 E200.7 OFTME0512:13 7 ts
Silica 188 mafl 0.8 E200.7 O7MB05 1213 /15
Sadium 47 mg/L 1 E200.7 071805 12:13 /' ts
Sulfate 19930 mgll 40 E200.7 O07MBN0S 1216/ ts
PHYSICAL PROPERTIES
Conductivity B3000  umhosfem 1.0 AZ510 B OFM12/05 13:44 [th
Hydrogen lon 107 mg/iL A4500-H B 072105 15:21 / th
pH 0979 su. 0.01 A4500-H B O7/12/05 15:21 / th
Solids, Total Dissolved TDS @ 180 C 17400 mg/L 10 A2540 C OFM205 14:36 [ th
METALS - DISSOLVED
Aluminum 43.3 mgdL 0.1 E200.8 071305 14:31  bws
Arsenic 006  moll 0.02 E200.8 071305 14:31 { bws
Barium 0.2 mafl 0.1 E200.8 073005 14:31 / bws
Boron 1.8 mgiL o1 E200.7 07805 12137 1s
Cadmium ND mafl 0.01 E200.8 0713005 14;31 / bws
Chramium MD magfl 0.05 E200.8 O7M13/05 14:31 / bws
Copper 0.14 mgl 0.01 E200.8 0713105 14:31 / bws
Irom 24.1 migdl 0.04 E200.7 071805 12:13 [ ts
Lead MD ma/lL 0.05 E200.8 0711305 14:31 ] bws
Manganese 178  mgl 0.01 EZ00.8 07/13/05 14:31 [ bws
Mercury MO mg'L 0,001 E200.8 071305 14:31 { bws
Molybdenum MND mgiL a1 E200.8 O7M13/05 14:31 | bws
Mickel 0.23 mafl 0.05 E200.8 0713005 14:31 / bws
Selenium D mo/l 0.04 E200.8 071305 14;31 | bws
lranium 0.032  mofll 0,004 E200.8 0713005 14:31 / bws
Wanadium 0.2 mg/L 0.1 E200.8 07M3/05 14:31 / bws
Zine 1.02 mglL 0.03 E200.8 071308 14:31 ] bws
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions: 2| - Quality confrol limit, MD - Mot detected at the reporting limit.

D - RL increased due to sample matrix Interference.

Track® CO50703254
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ENERGY LABORATORIES, INC. « 7393 Salf Creek Highway (82601) « PO, Box 3258 » Casper, WY 82602
Toll Free 888.235.0515 « 307.235.0515 « Fax 307.234.1639 + casper@energylab.com « www.energyiab.com

LABORATORY ANALYTICAL REPORT

Client:  Plateau Fesources (US Energy)
Project: Column Tests

Lab ID: C05070394-002

Client Sample ID: PSS Acid 2]

Report Date: 07/21/05
Collection Date: Not Provided

Date Received: 07/12/05

Matrix: Agueons

MCLS
Analyses Result Units Qual RL QCL  Method Analysis Date / By
DATA QUALITY
AC Balance (£ 5) 219 % Calculation 07M19/05 16:15 / ks
Anions 368 meg/L Calculation 07905 16:15 /) ks
Cations 236 megL Calculation OF7MH05 16:15 / ks
Report RL - Analyte reporting limit: WMCL - Maximum contaminant fevel.

Definitions:  gCL - Qualily control limit.

MD - Mot detected at the reporting limit.

Track# CO5070254 Fage
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ENERGY LABORATORIES, INC. « 2383 Salf Creek Highway (825071) - PO, Box 3258 + Casper, WY 82602
Toil Frog 888 2350515 « 3072350515 » Fax 307234 1639 » casper@enargylab.com » www energyiab. com

LABORATORY ANALYTICAL REPORT

Report Date: 07/21/05
Collection Date: Not Provided

Date Received: 07/12/035

Matrix: Agueous

Client:  Platean Resources (US Energy)
Project: Column Tests

Lab ID: CO05070394-003

Client Sample ID; RS Acid 5

MCL/

Analyses Result Units Qual RL QCL  Method Analysis Date / By
MAJOR IONS

. Alkalinity, Total as CaCO3 D mafl 1 AZ320B Q7M4/05 17:00 [ =l
Carbonate as CO3 MO mg/l 1 AZIZ0B 0714005 17:00 / =l
Bicarbonate as HCO3 MND mg/L 1 A2320B 07/14/05 17:00 / sl
Calcium 580 mafl 1 E200.7 O7HMB0512:19 / ts
Chlaride 32 mafl D 8 E200.7 07805 1219 M ts
Fluoride 3.3 mgil 0.1 A4S00-F C O7/13/05 08:52 / sl
hMagnesium 238 mg/l. 1 E200.7 071805 12:19/ts
Mitrogen, Ammonia as N 0.66  mgll 0.05 A4500-MH3 G 071305 16:36 / jal
Mitrogen, Mitrate+Mitrite as M 0.1 mafl 0.1 E353.2 0713105 13:10 / jal
Mitrogen, Mitrite as M MO mig'l 0.1 A4500-NOZ B 07/14/05 10:26 / jal
Potassium 15 mafl 1 E200.7 078051218/ ts
Silica 132 mafl D 0.8 E200.7 071805 1219/ ts
Sodium 45 mgfl 1 E200.7 07805 12:19/ ts
Sulfate 22200 mglL o 40 E200.7 O07MBN0S5 12:22 i
PHYSICAL PROPERTIES
Conductivity 892800 umhosicm 1.0 AZS10B OFM2/05 1347 i th
Hydrogen lon 123 mg/L Ad500-H B O7M12/05 15:22 / th
pH 0.9 S0, 0.0 A4500-H B Q72005 15:22 [ th
Solids, Total Dissolved TDS @ 180 C 20400 maofll 10 A2540 C 07205 14:36( th
METALS - DISSOLVED
Aluminum 41.4 mafl 0.1 E200.8 0711305 14:37 / bws
Arsenic 0.09 mglL ] 0.02 E200.8 D705 14:37 | bws
Barium 0.2 mail 0.1 E200.8 0713105 14:37 | bws
Boron 0.y mgfL .1 E200.7 071805 1218/ is
Cadmium ™MD migl o 0.01 E200.8 071305 1437 / bws
Chromium 0.10 mg/L 0.05 E200.8 0711305 1437 / bws
Copper 0.13  mgil .01 E200.8 07MH05 14.37 { bws
Iron 720 magfl D 0.04 E200.7 O7MBI05 12:19 f ts
Lead MD mgiL 0,05 E200.8 0713005 1437  bws
Manganese 15.5 mg/L 0.01 E200.8 0713005 14:37 / bws
Mercury MO mafl 0.001 E200.8 071305 14:37 { bws
Malybdanum ND mgllL a1 EZ200.8 071305 1437 / bws
Mickel 0.20 mg/L 0.05 EZ200.8 0713005 14:37 [ bws
Selenium MO mgiL B] 0.04 E200.8 07113005 14:37 / bws
Uranium 0,025  mgll D 0.004 E200.8 OFM305 14:37 / bws
Wanadium 0.3 maoil 01 E200.8 0713705 14:37 { bws
Zinc 0.51  mgl D 0.03 E200.8 07306 14:37 / bws
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions:  QCL - Quality control limit. MD - Mot detected at the reporting limit.

D - RL increased due to sample matrix intarference,

Track# Co50703394 FPage
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e ENERGY LABORATORIES, INC. - 2393 Salt Creex Highway (82601) « PO. Box 3258 + Casper, WY 82602
LEINERC Toll Free 888.235.0515 + 307.235.0515 » Fax 307.234.1639 + casper@energyiab.com - www.energyiab,com

f LasORATORIES § -

LABORATORY ANALYTICAL REPORT

Report Date: 07/21/05
Collection Date: Not Provided

Date Received: 07/12/05

Matrix: Agueous

Client:  Plateau Resources (US Energy)
Project: Column Tests

Lab ID: C03070394-003

Client Sample ID: RS Acid 5

MCLY

Analyses Result Units Qual RL QCL  Method Analysis Date / By
DATA QUALITY
AT Balance (£ 5) -21.8 % Calculation 07905 1616 [ ks
Anions 404 meqil Calculation O7MY05 16:16 [ ks
Cations 2548 meg/L Calculation 0705 16:16 [ ks
Report FL - Analyte reporting limit. MCL - Maximum contaminant level.

MO - Mot detected at the reporting limit

Definitions: QL - Quality control limit.

Track# COBO70324 Fage
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ENERGY LABORATORIES, INC. - 2353 Salf Creek Highway j82607) « AC, Sox 3258 « Casper WY 83502
ol Free 882350515 » 3072350515 « Fay 307234, 1639 - casper@energyiab.com « wwiwanargpiab. com

LABORATORY ANALYTICAL REPORT

Report Date: 07/21/05
Collection Date: Not Frovided

Date Received; 07/12/05

Matrix: Agueous

Client:  Plateau Resources (US Energy)
Project: Column Tests

Lab ID: C05070394-004

Client Sample ID: RS Acid 20

o : MCL/

Analyses Result Units Qual RL QCL  Method Analysis Date / By
MAJOR IONS

Alkalinity, Total as CaCO3 MDD ma'L 1 A2320B 07/14/05 17:02 / sl
Carbonate as C0O3 ND ma/L 1 AZ3Z0B 07/14/05 17:02 { sl
Bicarbonate as HCO3 MND mg/l 1 A2320B 07114005 17:02 sl
Calcium 602 mgfl 1 E200.7 071805 12:25 /s
Chloride 19 mofl D 8 E200.7 D7M8/0512:25 /s
Fluoride 27 mgfl 0.9 Ad4500-F C 07305 08:54 ( sl
Magnesium 158 mgfL 1 E200.7 07/18/05 12:25/ ts
Mitregen, Ammonia as N 0.41 mg'L 0.05 A4500-MH3 G 071305 16:38 [ jal
Mitrogen, Mitrate+Mitrite as M MND mg/L 0.1 E353.2 071305 1313/ jal
Mitrogen, Mitrite as M MDD mafl 01 A4500-MO2 B 0711305 13:13/ jal
Potassium 13 mg/L 1 E200.7 O7/18/05 12:25 t5
Silica 143 mafl D 0.8 E200.7 O7MB05 12:25 Mts
Sodium 40 maofl 1 E200.7 O7M&05 12:25 ' ts
Sulfate 26200 mglL D 40 E200.7 0718405 12:28 / t=
PHYSICAL PROPERTIES

Conductivity 113000 umhosfem 1.0 AZS10B 07205 13:48 [ th
Hydrogen lon 141 mail A4500-H B D7M2/05 15:23 / th
pH 0.85 ERTS 0.01 A4A500-H B 072005 15:23 / th
Solids, Total Dissolved TDS @@ 180 C 23400 maoll 10 A2540 C Q7205 14:37 [ th
METALS - DISSOLVED

Aluminum 41.5 mgfL 0.1 E200.8 071305 14:44 { bws
Arsenic 0.07  mgll D n.o2 EZ200.8 QT30S 14:44 [ bws
Barium 0.z rmafl 0.1 E200.8 07305 14:44 | bws
Boron 0.3 mgiL 0.1 E200.7 071805 12:25 ' ts
Cadmium ND mg'L ] 0.01 E200.8 07305 14:44 { bws
Chromium 0o moil 0.05 EZ00.8 071305 14:44 [ bws
Copper 0.07 mafl .01 E200.8 071305 14:44 [ bws
Iron 71.5  mgl o 0.04 E200.7 ~ O7/18/05 12:25 / ts
Lead ND mavl 0.05 E200.8 07305 14:44 fbws
Manganese 8.51 mgil 0.1 E200.8 071305 14:44  bws
Mercury MO mafl 0.001 EZ00.8 Q71305 14:44 | bws
Molybdenum MO mg/L 0.1 E200.8 0705 14:44  bws
Mickel .08 mavl 0.05 E200.8 0713005 14:44 { bws
Selenium 1] mag/L o 0.04 E200.8 07/13/05 14:44 [ bws
ranium 0.017  mgll o 0.004 EZ200.8 07/13/05 14:44 [ bws
Yanadium 0.3 mafl a1 E200.5 07305 14:44 | bws
finc 0,39 micyL D 0.03 E200.8 0711305 14:44 | bws
Repaort RL - Analyte reporting limit. MCL - Maximurm contaminant level,

Definitions:  @CL - Quality contral limit. M - Mot detected at the reporting limit.

[ - AL increased due to sample matrix interference.

Track# COS50703g4 Fage
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Client:

Project:
Lab ID:
Client Sample ID:  ES Acid 20

ENERGY LABORATORIES, INC. - 2383 Saif Creek Highway (82507) « RO, Box 3258 » Casper, WY 82602
70l Free 888 2350515 « 307 235.0515 « Fax S07.234.1639 » casper@ensrgylah.com - wwwanergylat.com

LABORATORY ANALYTICAL REPORT

Platean Resources (US Energy)
Column Tests
CO5070394-004

Report Date: 07/21/05
Collection Date: Not Provided

Date Received: 07/12/05

Matrix: Aqueous

MCLY
Analyses Result  Units Qual RL QCL  Meihod Analysis Date / By
DATA QUALITY
AJC Balance (£ 5) =7.70 Ya Calculation 071905 1616 f ks
Anions 467 meqg/iL Calculation D718/05 16:16 / ks
Cations 400 meqgilL Calculation 07/M18/05 16:16 / ks
Repart RL - Analytq.a r.eporting lirmit, MCL - Maximum contaminant level.
Definitions: QUL - Quality control limit. MO - Mot detected at the reporting limit.

Track# COBOT70394 Fage
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ENERGY LABORATORIES, INC. - 2383 Salf Creek Highway (82607) « A0, Box 3258 + Casper, WY 82502
Tol Free 888 2350515 - 3072350515 + Fax S07.234.1639 + casper@energyiab.com - www.energyialb.com

.

ABORATORIES J

Date: 29-Jul-03

CLIENT: Plateau Resources (US Energy)
Praject: Column Tests CASE NARRATIVE

Sample Delivery Group: C050703594

THIS 158 THE FINAL PAGE OF THE LABORATORY ANALYTICAL REPORT

LABORATORY COMMENTS
Work orders C05060184, CO5060266, CO5060578, and C05070394 have been consolidated into one report package,

BRANCH LABORATORY LOCATIONS

eli-b - Energy Laboratories, Inc. - Billings, MT

eli-f - Energy Laboratories, Inc. - Idaho Falls, 1D
eli-g - Energy Laboratories, Inc. - Gillette, WY

eli-h - Energy Laboratories, Inc. - Helena, MT

eli-r - Energy Laboratories, Inc. - Rapid City, 5D
eli-t - Energy Laboratories, Inc. - College Station, TX

ORIGINAL SAMPLE SUBMITTAL(S)
All original sample submittals have been returned with the data package. A copy of the submittal(s) has been included and
tracked in the data package.

SUBCONTRACTING ANALYSIS
Subcontracting of sample analyses to an outside laboratory may be required. If so, ENERGY LABORATORIES will utilize

its branch laboratories or qualified contract laboratories for this service. Any such laboratories will be indicated within the
Laboratory Analytical Report.

SAMPLE TEMFERATURE COMPLIANCE: 4°C (£2°C)
Temperature of samples recerved may not be considered properly preserved by accepted standards. Samples that are hand

delivered immediately after collection shall be considered acceptable if there is evidence that the chilling process has begun.

ENERGY LABORATORIES, INC. - CASPER, WY certifies that certain method selections contained in this report meet
requirements as set forth by NELAC. Some client specific reporting requirements may not require NELAC reporting

protocol. NELAC Certification Number E87641,

ELI appreciates the opportunity to provide you with this analytical service. For additional information and services visit our

web page www.energylab.com.

The total number of pages of this report are indicated by the page number located in the lower right comer.

Track# COE0T70394 FPags
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MOISTURE-DENSITY ANALYSIS

INBERG-MILLER ENGINEERS

CLIENT: U.8. Energy SAMPLE NO.: 1
PROJECT: General Testing SAMPLED BY: Client
JOB NO. 12870-RM TESTED BY : TEG
TEST DATE: 12-1-06 TEST METHOD: ASTM D1557

SOURCE: Site Material
DESCRIPTION: Red Silty Fine Sand
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OPTIMUM WATER CONTENT (%): 11.3
MAXIMUM DRY DEN. (LBS/CU. FT): 115.0
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MOISTURE-DENSITY ANALYSIS

INBERG-MILLER ENGINEERS

CLIENT: U.S. Energy SAMPLE NO.: 1
PROJECT: General Testing SAMPLED BY: Client
JOB N0, 12870-RM TESTED BY : TEG
TEST DATE: 12-1-06 TEST METHOD: ASTM D698

DRY DENSITY (LBS/CU.FT.)

SOURCE: Site Material
DESCRIPTION: Red Silty Fine Sand
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WATER CONTENT (%)

OPTIMUM WATER CONTENT (%): 123
MAXIMUM DRY DEN. (LBS/CU. FT): 111.7
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APPENDIX J
Buried Pipe Loading
J.0 Introduction

The load bearing capacity of the piping that is installed as a component in the leachate
collection and recovery system and the sump access pipes must be sufficient to withstand
the load imposed by up to 128 feet of tailings above the pipes. The leachate collection
pipes are specified as a commercially available 3 inch internal diameter corrugated and
perforated HDPE pipe. Perforated standard wall HDPE pipe with equivalent or superior
pipe stiffness and sectional properties contributing to increased load bearing capacity
may be substituted for the corrugated pipe. The sump access pipes are specified as 4 inch
or 12 inch diameter SDR 9 HDPE pipe. Two methods were used to evaluate the
deflection and potential buckling or crushing of the pipe under the imposed loads. These
included the Modified lowa Formula as presented in the “Plastic Pipe Design Manual”
available on-line from Lamson Vylon Pipe and the Burns and Richard Solution using a
program provided by ADS Pipe.

J.1 Modified lowa Formula
J.1.1 Deflection

The Modified lowa Formula is used to predict the deflection of a flexible pipe.
The equation is:

D, -K-P,
A= ] -100
(0.149-PS) +(0.061-E")
where:
A = Deflection in %
Dy = Deflection Lag Factor
K = Bedding Constant
Py = Prism Load, in psi
PS = Pipe Stiffness in psi
E’ = Soil Modulus in psi

The deflection lag factor (Dp) is set to unity when the prism load is used to
calculate deflection. The bedding constant (K) ranges from 0.083 to 0.110 for
bedding angles ranging from 180 degrees to O degrees. The prism load is
calculated as the sum of the static (dead) load and any live load. The soil
modulus (E’) is generally determined from tabulated values based on the
gradation and degree of compaction for the backfill around the pipe. The pipe
stiffness (PS) can be a measured value or can be calculated using:
J-1
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_6.71-E-1

PS "
where:
PS = Pipe Stiffness in psi
E = Modulus of Elasticity in psi
I = Moment of Inertia in cubic inches
r = Mean Pipe Radius in inches

J.1.2 Unconfined Buckling Pressure

The calculation of unconfined buckling pressure is ultimately used to determine
the maximum thickness of cover or overburden that the pipe can sustain. It does
not incorporate the support provided to the pipe by the surrounding soil. The
equation is:

_0.447 - PS
cr (1 _ V2)
where:
P. = Unconfined Buckling Pressure in psi
PS = Pipe Stiffness in psi
v = Poisson’s Ratio (approx. 0.4 for HDPE)

J.1.3 Confined Buckling Pressure
The calculation of confined buckling pressure is ultimately used to determine the

maximum thickness of cover or overburden that the pipe can sustain and includes
the support provided by the bedding surrounding the pipe. The equation is:

P, =1.15,/P, -E'

where:
Py = Confined Buckling Pressure in psi
P. = Unconfined Buckling Pressure in psi
E’ = Soil Modulus in psi
J-2
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J.1.4 Hydrostatic Buckling Pressure

For the conditions that will be present in the tailings cell(s) the contribution of
hydrostatic force to the pipe buckling is considered negligible.

J.1.5 Buckling Resistance

With the total confined buckling pressure and the hydrostatic pressure, the
maximum height (thickness) of cover can be calculated as:

P

=-2.144
v
where:
H = Thickness of Cover in feet
Py = Confined Buckling in psi
Y = Soil Unit Weight in pcf

J.1.6 Wall Crushing

The wall crushing calculation is basically a comparison of the allowable
compressive stress in the pipe wall with the “ring” compressive stress imposed by
the loading. The compressive stress is determined by:

_T
o=—
A
where:
c = Compressive Stress in psi
T = Wall Thrust in Ib/inch
A = Area of Pipe Wall in square inches/inch

The wall thrust is calculated as:

T P, - D,
2
where:
T = Wall Thrust in Ib/inch
P, = Vertical Soil Pressure in psi
D, = Qutside Diameter in inches
J-3
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J.2 Leachate Collection Pipe — Modified lowa Method

The leachate collection pipe is specified as a 3 inch internal diameter corrugated and
perforated HDPE pipe with a minimum pipe stiffness (PS) of 50 psi. A pipe diameter of
4 inches is considered an option because of better commercial availability. The pipe
crushing calculation is evaluated for a 4 inch internal diameter corrugated and perforated
HDPE pipe as a measure of conservatism. The outside diameter (D,) of a commercially
available dual wall 4 inch pipe is 4.67 inches and the pipe wall area (A) is approximately
0.086 in*/in. The typical Poisson’s Ratio for HDPE is 0.40. On the base of the tailings
cell(s), the leachate collection pipe will be bedded in washed gravel which results in a
soil modulus (E’) of 3000 psi (crushed rock with slight to high compaction). Other
relevant properties of the pipe, installation, and loading conditions include: a maximum
static load of 128 feet of overburden to the base of the reclamation cover at an assumed
moist density of 100 pcf, a typical deflection lag factor of 1.0, and an intermediate
bedding constant.

J.2.1 Deflection

The predicted deflection in the leachate collection pipe is:

D, -K-P,
(0.149-PS) +(0.061-E')

A= ] -100

The maximum prism load (Py ) is estimated as:

p :100-128:

89 psi
Y 144 P

A=[ 1-0.1-89 ] -100 =4.7%
(0.149-50) +(0.061-3000)

The predicted deflection is slightly smaller than the generally accepted 5%
deflection limit for deep burial of flexible pipe. Some sources list 7.5% as an
acceptable degree of deflection for HDPE pipes, and some testing has indicated
that deflection can approach 20% before the pipe is compromised. Therefore, the
predicted deflection under the maximum loading condition is acceptable.

J.2.2 Unconfined Buckling Pressure

The unconfined buckling pressure is calculated as:

_0.447-PS

Toa-v?)
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_0.447 - 50

cr —m = 266 pSl

J.2.3 Confined Buckling Pressure

The confined buckling pressure is calculated as:

P,=1.15,/P, -E'
P, =1.15/26.6 - 3000 = 325 psi

J.2.4 Hydrostatic Buckling Pressure

For the conditions that will be present in the tailings cell(s), the contribution of
hydrostatic force to the pipe buckling is considered negligible.

J.2.5 Buckling Resistance

The total confined buckling pressure can be used to calculate the maximum height
(thickness) of cover as:

P
=-b.144

/4
H =325, 144=468 feet
100

J.2.6  Wall Crushing

The wall thrust for a 4 inch inside diameter pipe is calculated as:

_89.4.67

T =208 1Ib/in

The tabulated allowable compressive stress in the HDPE pipe wall is
approximately 3000 psi. The predicted compressive stress is calculated as:

J-5
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_T
o=—
A

o= 208 =2419 psi
0.086

The compressive stress is less than the allowable short term stress of 3000 psi. If a
similar configuration of 3 inch inside diameter pipe is used, the outside diameter
will be reduced to approximately 3.67 inches while the sectional area of the pipe
will be similar to that of the 4 inch inside diameter pipe. For this configuration
the pipe thrust is calculated as:

89.3.67

T =163 1b/in

The corresponding compressive stress is calculated as:

o= 163 =1895 psi
0.086

J.3 12 inch Sump Access Pipes — Modified lowa Method

The primary sump access pipes are specified as a 12 inch SDR 9 HDPE pipe. The
outside diameter (D,) of a 12 inch SDR 9 pipe is 12.75 inches and the wall thickness is
approximately 1.417 inches. The pipe wall area (A) is approximately 1.417 in*/in. A
typical Poisson’s Ratio for HDPE is 0.40. The sump access pipes are routed up 3H:1V
slopes so it is not practical to install the pipes in a permanent compacted bedding up the
complete length of the slope. However, the Entrada Sand will be used to form a
compacted bed around the access pipes from the sump to a distance of at least 100 feet up
the slope to surround, anchor, and protect these access pipes. The surface of the Entrada
Sand may be plated with sand and gravel to reduce the erodibility. For the purposes of
calculating load bearing capacity, it was assumed that the maximum static load of 100
feet of material is applied to the well-bedded lower section of the access pipe with a soil
modulus (E”) of 2000 psi. The load bearing capacity and deflection for the upper section
of the pipe will be calculated with the reduced overburden thickness of 51 feet and a
weaker soil with a modulus (E’) of 200 psi. Other relevant properties of the pipe,
installation, and loading conditions include: an assumed moist density of 100 pcf for the
tailings over the pipe, a typical deflection lag factor of 1.0, an intermediate bedding
constant, an HDPE modulus of elasticity (E) or 133000, a effective pipe radius of 5.67
inches and a 12 inch pipe moment of inertia (I) of 0.237 in’.
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J.3.1 Deflection

The predicted deflection in the primary sump access pipe is:

D, -K-P,
(0.149-PS) +(0.061-E')

A= ] -100

The maximum prism load (Py ) for the well bedded lower pipe section is estimated
as:

p :lOO-IOO:

69 ps
Y 144 P
The maximum prism load (Py ) for the upper pipe section is estimated as:

_51-100
YT 144

=354 psi

The pipe stiffness is estimated as:

_6.71-E-I

PS =

_6.71-133000-0.237
5.67°

PS =1160 psi

The deflection for the lower pipe section is estimated as:

A=[ 1-0.1:69 ] -100=2.3%
(0.149-1160) +(0.061-2000)

The deflection for the upper pipe section is estimated as:

A= 1-0.1-35.4 1 -100=1.9%
(0.149-1160) +(0.061-200)

The predicted deflection is smaller than the generally accepted 5% deflection
limit for deep burial of flexible pipe. The predicted deflection for both conditions

J-7
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is also smaller than the recommended maximum deflection of 2.5% as presented
in a Plexco pipe Application Note.

J.3.2 Unconfined Buckling Pressure

The unconfined buckling pressure for the lower pipe section is calculated as:

_ 0.447 - PS

Toa=vY)

=0T LI00 645
(1-0.4%)

J.3.3 Confined Buckling Pressure

The confined buckling pressure for the lower pipe section is calculated as:
P,=1.15,P, - E'

P, =1.15,/617-2000 =1277 psi

The confined buckling pressure for the upper pipe section is calculated as:

P, =1.15,/617-200 =404 psi

J.3.4 Hydrostatic Buckling Pressure

For the conditions that will be present in the tailings cell(s) the contribution of
hydrostatic force to the pipe buckling is considered negligible.

J.3.5 Buckling Resistance

The total confined buckling pressure can be used to calculate the maximum height
(thickness) of cover for the lower pipe section as:

P
=-b.144

/4
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H =1277 144=1839 feet
100

The maximum height (thickness) of cover for the upper pipe section is:

H:@-144=582 feet
100

J.3.6  Wall Crushing

The maximum wall thrust for the 12 inch pipe is calculated as:

_69-12.75

T =880 1b/in

The tabulated allowable compressive stress in the HDPE pipe wall is
approximately 3000 psi. The predicted compressive stress is calculated as:

T
O—__
A
azﬁz 621 psi
1.417

J.4 4 inch Sump Access Pipes — Modified lowa Method

The secondary sump access pipes are specified as a 4 inch SDR 9 HDPE pipe. The
outside diameter (D,) of a 4 inch SDR 9 pipe is 4.5 inches and the wall thickness is
approximately 0.50 inches. The pipe wall area (A) is approximately 0.50 in*/in. A typical
Poisson’s Ratio for HDPE is 0.40. Like the primary sump access pipes, the secondary
access pipes are routed up 3H:1V slopes so it is not practical to install the pipes in a
permanent compacted bedding up the complete length of the slope. However, the
Entrada Sand will be used to form a compacted bed around the access pipes from the
sump to a distance of at least 100 feet up the slope to surround, anchor, and protect these
access pipes. The surface of the Entrada Sand may be plated with sand and gravel to
reduce the erodibility. For the purposes of calculating load bearing capacity, it was
assumed that the maximum static load of 100 feet of material is applied to the well-
bedded lower section of the access pipe with a soil modulus (E*) of 2000 psi. The load
bearing capacity and deflection for the upper section of the pipe will be calculated with

J-9
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the reduced overburden thickness of 51 feet and a weaker soil with a modulus (E’) of 200
psi. Other relevant properties of the pipe, installation, and loading conditions include: an
assumed moist density of 100 pcf for the tailings over the pipe, a typical deflection lag
factor of 1.0, an intermediate bedding constant, an HDPE modulus of elasticity (E) or
133000, a3 effective pipe radius of 2.0 inches and a 4 inch pipe moment of inertia (I) of
0.0104 in”.

J.4.1 Deflection

The predicted deflection in the primary sump access pipe is:

D, -K-P,

A=
(0.149-PS) +(0.061-E')

1 -100

The maximum prism load (Py ) for the well bedded lower pipe section is estimated
as:

p :100-IOO:

69 ps
y 144 P

The maximum prism load (P, ) for the upper pipe section is estimated as:

PZSI-IOO

=35.4 psi
y 144 P

The pipe stiffness is estimated as:

PS = 6.71 -3E -
r
PS = 6.71-133000-0.0104 ~ 1160 psi

2.0°
The deflection for the lower pipe section is estimated as:
1-0.1-69

A= ] -100 =2.3%
(0.149-1160) +(0.061-2000)

The deflection for the upper pipe section is estimated as:
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A= 1-0.1-35.4 ] -100=1.9%
(0.149-1160) +(0.061-200)

The predicted deflection is smaller than the generally accepted 5% deflection
limit for deep burial of flexible pipe. The predicted deflection for both conditions
is also smaller than the recommended maximum deflection of 2.5% as presented
in Plexco Pipe Application Note 1.

J.4.2 Unconfined Buckling Pressure

The unconfined buckling pressure for the lower pipe section is calculated as:

_0.447 - PS

1=V

=0T OO 67 i
(1-0.4%)

J.4.3 Confined Buckling Pressure

The confined buckling pressure for the lower pipe section is calculated as:

P,=1.15,/P, -E'
P, =1.15 /617 - 2000 = 1277 psi

The confined buckling pressure for the upper pipe section is calculated as:

P, =1.15,/617-200 =404 psi

J.4.4 Hydrostatic Buckling Pressure

For the conditions that will be present in the tailings cell(s) the contribution of
hydrostatic force to the pipe buckling is considered negligible.
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J.4.5 Buckling Resistance

The total confined buckling pressure can be used to calculate the maximum height
(thickness) of cover for the lower pipe section as:

P
=-b.144

/4

H="277 144-1839 feet
100

The maximum height (thickness) of cover for the upper pipe section is:

H:@-144=582 feet
100

J.4.6  Wall Crushing

The maximum wall thrust for the 4 inch pipe is calculated as:

6945

T =1551b/in

The tabulated allowable compressive stress in the HDPE pipe wall is
approximately 3000 psi. The predicted compressive stress is calculated as:

0:£:310 psi
0.50

J.5  Leachate Collection Pipe — Burns and Richards Method

ADS Pipe provides a Technical Note 2.130 (Goddard et al., 2003) that describes the

Burns and Richards solution. ADS Pipe also provides a spreadsheet based solution of the

Burns and Richards equation on their website (www.ads-pipe.com). This spreadsheet

was used to evaluate the load bearing capacity of the 4 inch diameter corrugated and
J-12
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perforated leachate collection pipe. This pipe is considered the critical application
because the preceding calculations using the Modified Iowa Formula indicated the
greatest degree of deflection and more critical wall thrust for the leachate collection
pipes. Table J-1 presents the results of the calculation by the Burns and Richard method
using the spreadsheet provided by ADS Pipe.

The inputs in the calculation were adjusted to produce the same loading conditions and
soil modulus as those used in the Modified lowa formula, and the predicted deflection of
4.34% is similar to that of the Modified lowa formula. The predicted compressive stress
was also similar to that from the Modified lowa formula.

C:\ed\projects\2007-50\TMP\TEXT\append-J.doc
April 2007



Table J-1. Burns and Richard Solution for 4 inch Leachate Collection Pipe.

PIPE PARAMETERS - AASHTO M294, Type C RESPONSE OF PIPE WALL CALCULATION OF RING SHORTENING
effective radius (in), R = 2.18 deg radial circum | wall ring inner | outer total deg ring ring ring
outside diameter (in), D = 4.71 C.C.W. soil radial tang wall bend | comp | bend bend stress C.C.W. comp comp shortening
thickness (in), t= 0.34 from | press defl defl thrust [mom(M)| stress | stress | stress | inner | outer from stress strain
unit area of wall (in?/in), A = 0.081 horiz | P(psi) | w(in) v(in) | N#/in) | (#-Ib/in)| (psi) (psi) (psi) (psi) (psi) horiz (psi) (in/in) (in)
unit moment of inertia (in*/in), 1 = 0.0010 0 54.0 | -0.034 | 0.000 126 5 -1556 | -872 882 | -2427 | -674 0 -1556 | -0.014142| -0.0054
flexural modulus (psi), E; = 110,000 10 54.1 | -0.030 | 0.011 126 5 -1554 | -826 836 | -2380 | -718 10 -1554 -0.0141 -0.0054
ring compression modulus (psi), E,. = 110,000 20 54.6 | -0.019 | 0.021 126 4 -1550 | -695 704 -2245 | -846 20 -1550 -0.014088 | -0.0054
flexural stiffness (psi), K; = 6E/R* = 63 30 55.4 | -0.002 | 0.028 125 3 -1543 | -495 501 | -2038 | -1042 30 -1543 | -0.014027| -0.0053
ring compression stiffness (psi), K. = E,;A/R = 4,080 40 56.3 0.019 | 0.032 124 1 -1535 | -249 252 -1784 | -1283 40 -1535 -0.013952| -0.0053
distance from inner wall to n.a. (in), c = 0.169 50 57.2 | 0.042 | 0.032 124 0 -1526 12 -13 -1514 | -1539 50 -1526 | -0.013873| -0.0053
60 58.2 | 0.063 | 0.028 123 -2 -1518 | 258 -261 | -1260 | -1779 60 -1518 | -0.013798| -0.0053
SOIL PARAMETERS - good granular soil 70 58.9 | 0.080 | 0.021 122 -3 -1511 | 459 -464 | -1053 | -1975 70 -1511 | -0.013737| -0.0052
mod of soil reaction at 5' of cover (psi), E's = 1130 80 59.4 | 0.091 | 0.011 122 -3 -1507 | 589 -596 -917 | -2103 80 -1507 | -0.013697| -0.0052
modulus of soil reaction (psi), E'= 3,002 90 59.6 | 0.095 | 0.000 122 -4 -1505 | 635 -642 -870 | -2148 90 -1505 | -0.013684| -0.0052
Poisson's ratio, u = 0.30 100 59.4 | 0.091 | -0.011| 122 -3 -1507 | 589 -596 -917 | -2103 100 -1507 | -0.013697 | -0.0052
constr mod (psi), M*=E*(1-u)/((1+u)(1-2u))= 4041.41 110 58.9 | 0.080 | -0.021| 122 -3 -1511 | 459 -464 | -1053 | -1975 110 -1511 | -0.013737| -0.0052
lateral stress ratio = K = u/(1-u) = 0.429 120 58.2 0.063 | -0.028 123 -2 -1518 258 -261 -1260 | -1779 120 -1518 -0.013798 | -0.0053
sym lateral stress ratio = B = (1/2)(1+K) = 0.714 130 57.2 | 0.042 | -0.032 | 124 0 -1526 12 -13 -1514 | -1539 130 -1526 | -0.013873| -0.0053
antisym lat stress ratio = C = (1/2)(1-K) = 0.286 140 56.3 | 0.019 | -0.032 | 124 1 -1535 | -249 252 -1784 | -1283 140 -1535 | -0.013952| -0.0053
150 554 | -0.002 | -0.028 | 125 3 -1543 | -495 501 | -2038 | -1042 150 -1543 | -0.014027| -0.0053
SOIL/STRUCTURE PARAMETERS (full slippage) 160 54.6 | -0.019 | -0.021 | 126 4 -1550 | -695 704 | -2245 | -846 160 -1550 | -0.014088| -0.0054
ring flexibility ratio, UF =(1+K)M*/K, = 1.42 170 54.1 | -0.030 | -0.011 | 126 5 -1554 | -826 836 | -2380 | -718 170 -1554 -0.0141 -0.0054
bending flexibility ratio, VF = (1-K)M*/K; = 36.5 180 54.0 | -0.034 | 0.000 126 5 -1556 | -872 882 | -2427 | -674 180 -1556 | -0.014142| -0.0054
COMMENTS SUM (/2 circle) =| -0.1008
STRESS FUNCTION COEFFICIENTS 1. This is 4" diameter corrugated pipe MISC CALCS
constant term, ag* = 0.106 2. Flexural and compressive modulus are taken as 110,000 psi. Vertical deflection (%) = 4.34
cos(2*theta), a,** = 0.963 3. Typical E's values (in psi) for various soils are listed in the table below: Horizontal deflection (%) = -3.12
sin(2*theta), b,** = 0.945 Standard AASHTO Critical Buckling Pressure (psi), P,=  166.9
Type of soil Relative Compaction Radial Soil Pressure at Crown (psi), P.= 59.6
LOAD PARAMETERS 85% 90% 95% Arc length of each sector (in) = 0.3812
unit weight of soil (Ib/ft) = 100 Fine-grained soils with less than 25% sand (CL, ML, DL-ML) 500 700 1000
height of fill above crown (ft) = 128.0 Coarse-grained soils with fines (SM, SC) 600 1000 1200 CIRCUMFERENCE SHORTENS= -0.20
surcharge pressure (psi), P = 88.9 Coarse-grained soils with little or no fines (SP, SW, GP, GW) 700 1000 | 1600 inches
Max. Compressive Stress Max. Tensile Stress Circumfence Shortening % (2% Max)
-2427.3 OK (< -3000) -673.61 OK (< 1000) -0.0137 OK
J-14
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APPENDIX K
Liner System Anchorage
K.0  Introduction

The required anchorage for the Cell 1 and Cell 2 liner system varies dramatically with the
slope conditions on the perimeter of the cell and the coverage by the granular drainage
layers. The granular drainage layers will be placed on the base of the cells on slopes up
to 4H:1V. The majority of the Cell 1 will be covered by the granular drainage layers and
a typical slope on the anchored periphery for these drainage layer covered areas is
5.5H:1V. The upstream and downstream slopes of the cross valley berm and the
upstream slope of the Shootaring Dam will be at a 3H:1V slope and there will not be any
cover soils placed on these slopes. In addition, the side slopes of Cell 2 will be at a slope
of 3H:1V and no granular drainage layers will be placed on these slopes.

The proposed liner anchor mechanisms include: a conventional trench or L anchor, a
runout (also horizontal or linear) anchor, and a default linear anchor to connect and
provide a continuous liner across the cross valley berm.

The two general anchor failure modes include an anchor pullout or an HDPE liner failure.
Within the tailings facility, the anchor pullout will be considered the controlling
condition. An anchor pullout will generally be an observable occurrence, while there
may be no evidence of a tension failure of one or both of the liners. The tensile strength
of one liner will be considered the critical (maximum) anchorage tension. The following
methods of evaluating and designing liner anchorage are presented in Koerner (2005).

K.1  Runout Anchor

A runout anchor relies on the normal force created by a cover soil load on a horizontal
liner section to produce a frictional resistance to liner pullout. The two adjustable
variables in a runout design are the thickness of the cover soil and the length of the
runout.

K.1.1 Summation of Forces

Koerner (2005) presents a summation of horizontal forces for a runout liner
pullout as:

2Fx=0
Taow COSB=F,, + F, +F

T

allow

(Lro)

cos =0, tang, (LRO)+ o, tano, (LRO)+ 0.5 (M](LRo)tan5L
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where:

Tuow = allowable force in geomembrane = Gaiow t, Where

Calow = allowable stress in geomembrane, and

t = thickness of geomembrane;

B = side slope angle;

F,, = shear force above geomembrane due to cover soil;

F., = shear force below geomembrane due to cover soil;

F.; = shear force below geomembrane due to vertical component of T, ;

On = applied normal stress from cover soil;

) = angle of shearing resistance between geomembrane and adjacent
material; and

Lro = Length of geomembrane runout.

K.1.2 Length of Runout

As presented in Koerner (2005) a rearrangement of the previous summation of
forces equations presents a summation of horizontal forces for a runout liner
pullout as:

[ Taow (cOs B —sin Btand, )
LRO -

o,(tand, +tano,)

K.2  Trench Anchor

A trench anchor typically includes a runout section with a terminating trench with the
liner(s) folded over the edge of the trench prior to backfill. The depth of the anchor
trench then introduces another variable into the design process. The formulation of the
governing equation is very to similar to that of a runout anchor with the addition of the
earth pressures in the trench.

K.2.1 Summation of Forces

Koerner (2005) presents a summation of horizontal forces for an anchor trench
liner pullout as:

SFx=0

Taow COSp=F,, +F_+F;-P,+PF;

allow

K-2
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where the variables are as previously defined with the addition of:

Pa = active earth pressure against the backfill side of the anchor trench;
and
Pp = passive earth pressure against the inside of the anchor trench.

K.2.2 Earth Pressure

The additional forces resisting liner pullout are the imposed by the passive and
active earth pressure within the anchor trench. Koerner (2005) presents the
calculation of these forces as:

Pa=(0.5y 50 +0,)K dy

Po =(0.57 70 s + 0,)Kpd

where:

YAT = unit weight of soil in anchor trench,

dat = depth of the anchor trench,

On = applied normal stress from cover soil,

Ka = coefficient of active earth pressure = tan*(45 — ¢/2),

Kp = coefficient of passive earth pressure = tan’(45 + ¢/2), and
(0] = angle of shearing resistance of respective soil.

The resulting equation for determining liner pullout resistance has the design
variables of cover thickness, length of runout and trench depth. Since the
equation can only be solved for one variable, the cover thickness and length of
runout are generally established as constants and the equation is solved for the
depth of the trench

K.3  Top of Berm Runout Anchor Design

A runout anchor will be employed across the top of cross valley berm and the berm
separating the EPPC from Cell 1, as well as other selected locations. The horizontal
runout section across the top of the berms will be approximately 20 feet to extend
completely across the berm and the cover layer will consist of a protective sand layer
with a roadbed sand and gravel overlay. The total cover thickness is estimated at two
feet. The interior slopes on the berm will be 3H:1V. The desired condition for a failure
of one of the liners is to have the anchor pull out before liner rupture. Since the length of
runout is basically fixed for the top of berm runout, the required length of runout to result
K-3
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in a tensile failure will be calculated. This length of runout will then be compared with
the fixed berm width runout to determine likely controlling failure mode and the
utilization of the allowable tensile force in one of the two liners.

K.3.1 Length of Runout Calculation

The inputs for the calculation are as follows:

t = 0.060 inch

Tallow = Callow t =126 Ib/in

p = 18.4 degrees

on = cover thickness x unit weight of soil = 2 ft. x 100 Ib/ft’ = 200 Ib/ft’
= 1.39 psi

oL = 11 degrees

du = 0degrees

The maximum length of runout that will result in reaching allowable liner tension
at liner pullout is estimated as:

[ Taow (cOs B —sin Btand, )
LRO -

o,(tand, +tano, )

L= (126 (cos(18.4) —sin (18.4) tan(11))

=414 inches = 34.5 feet
1.39(tan(0) + tan(11))

The calculated liner runout of 34 feet is greater than the berm width of
approximately 20 feet. Therefore, the liner will pull out prior to liner tensile
failure. However, the actual runout is a large enough fraction of calculated runout
that available tensile strength of the liner will be largely utilized prior to pullout.
Figure K-1 presents a diagram of the runout anchor.

K.4  Trench Anchor Design

A trench anchor will be used as the runout anchor will be employed as the typical anchor
on perimeter areas where the liner is not extended to connect with an adjacent cell. In
many areas on the perimeter of Cell 1, the liner terminates with a very mild slope and

K-4
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coverage by the drainage layers. In these areas, the anchor runout and trench is
unnecessary, but these areas will be used as the bounding condition for establishing the
minimum runout length of four feet. This allows a minimum anchorage width on the
perimeter for those areas where the side slopes are very mild and the covering drainage
layers are present. For areas where the liners terminate at the crest of 3H:1V side slope,
the minimum runout length will be four feet, but this may be increased for ease of
construction. The general thickness of cover is assumed to be 18 inches with a unit
weight of 100 Ib/ft’. In order to limit the potential for a tensile failure in the liner, the
pullout force will be limited to one-half of the allowable tension.

K.4.1 Trench Anchor Calculation
The inputs for the calculation are as follows:

t = 0.060 inch

Taow = Oallow /2 =126/2 = 63 1b/in

B = 18.4 degrees

On = cover thickness x unit weight of soil = 1.5 ft. x 100 Ib/ft’ = 150
Ib/f* = 1.04 psi

oL = 11 degrees

ou = 0 degrees

Lro = 4 feet =48 inches

yar =100 Ib/ft’ = 0.0579 Ib/in®

(0] = conservatively assumed to be 32 degrees for fine uniform sand.

Ka = tan’(45 — ¢/2) = tan’(45 — 32/2) = 0.307

Kp = tan’(45 + ¢/2) = tan®(45 + 32/2) = 3.255

The required depth of anchor trench is calculated according to:
Taow COSB=Fy, + F, + Fy =P, + P,

F,, =0, tan5, (Lgo ) = (1.04) tan(0)(Lsy ) = 0
F.,= o,tand, (Ly )= (1.04)tan(11) (48)=9.7 Ib/in
Fuo = Taow Sin Stano, = (63)sin(18.4)tan(11) =3.87 Ib/in

allow

P, =(0.57,1d 7 +0,)K,d,; =(0.5(0.0579)d ,; +1.04)(0.307)d
P, =0.00889d,.° +0.319d,;

P, =(0.57,,d, +0,)Kod,; =(0.500.0579)d ,; +1.04)(3.255)d ,;

P, =0.09423d,, " +3.385d

C:\ed\projects\2007-50\TMP\TEX T\append-K.doc
April 2007



Tatow €08 S=063cos(18.4) =59.8 Ib/in

59.8=0+9.7 +3.86 — (0.00889 d ,, > +0.319d ;) + 0.09423d ,,* +3.385d ,;

0=0.0853d,,” +3.066 d,, —46.24
Using the quadratic equation solution, the depth of the trench is determined to be:
d,r =11.4inches

A specified trench depth of 16 inches with a minimum runout of 48 inches is
sufficient to utilize one-half or more of the available tensile strength for a single
HDPE liner. Figure K-2 presents a diagram of the trench anchor.

K.5  Summary and Conclusions

The runout anchor specified for the crest of the cross valley berm and the berm between
the EPPC and Cell 1 is sufficient to resist pullout for forces that approach, but do not
exceed, the allowable tensile stress in one of the two HDPE liners in the liner system.
The runout anchor would generally be sufficient for mildly sloping areas on the perimeter
of Cell 1, but a trench anchor is specified in the interest of uniformity of anchor
construction. The liner trench anchor will be used as the on the remaining perimeter of
the liner(s). The specified minimum runout for the trench anchor is 48 inches, and the
trench depth will be 16 inches or more. This is sufficient for the critical areas of
anchorage on the perimeter of the cells.

K.6  References
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